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MEETING  OF  THE  STANDARDS 
COMMITTEE 

The  Standards  CJommittee  of  the  Society  held  a  meet- 
ing on  Jan.  6  to  pass  upon  the  subjects  completed  since 
the  Semi-Annual  Meeting  at  Ottawa  Beach,  Mich.,  in 
June  1919.  B.  B.  Bachman,  chairman  of  the  Standards 
Committee,  presided  at  the  meeting  which  was  in  ses- 
sion from  10  o'clock  in  the  morning  until  about  4  o'clock 
in  the  afternoon.  Consideration  was  given  to  48  recom- 
mendations submitted  by  the  Ball  and  Roller  Bearings, 
Electrical  Equipment,  Engine,  Iron  and  Steel,  Lighting, 
Miscellaneous,  Motorcycle,  Non-Ferrous  Metals,  Marine, 
Shaft  Fittings,  Stationary  Engine  and  Lighting  Plant, 
Tire  and  Rim,  Tractor,  and  Truck  Standards  Divisions. 

The  reports  of  the  Divisions  as  approved  by  the 
Standards  Committee  were  reviewed  and  approved  by  the 
Council  immediately  following  the  Standards  Committee 
meeting.  The  reports  were  duly  presented  at  the  Jan.  7 
morning  session  of  the  Society  Meeting  and  approved 
for  submission  to  the  voting  members  of  the  Society. 
The  adopted  reports  are  given  on  the  following  pages, 
together  with  the  discussion  at  the  meeting  of  the  Stand- 
ards Committee.  [All  S.A.E.  Handbook  page  references 
are  to  the  Handbook  as  of  February  1920.] 

Ball  and  Roller  Bearings  Division 

{Report  as  adopted  by  the  Society) 
Anntdar  Ball  Bearings — Extra-Wide  Type    - 

The  use  of  the  extra-wide  or  double-row,  as  it  is  some- 
times called,  t3rpe  of  annular  ball  bearings  is  coming  into 
prominence  and  the  Ball  and  Roller  Bearings  Division 
desires  to  create  a  standard  while  the  industry  is  in  the 
formative  period  of  development,  but  one  company  having 
manufactured  this  type  of  bearing  extensively. 

The  Division  Ijas,  therefore,  recommended  for  adoption 
as  S.  A.  E.  Standard  the  following  widths  for  the  extra- 
wide  type  of  annular  ball  bearings.  The  dimensions  pro- 
posed conform  to  the  widths  for  the  present  S.  A.  E 
Standard  for  Roller  Bearings  given  on  pages  29d  and  29e, 
S.  A.  E.  Handbook,  Vol.  I,  with  the  exception  of  No.  200 
to  203,  inclusive,  of  the  Light  Series,  No.  300  to  303,  in- 
clusive, and  321  and  322  of  the  Medium  Series,  and  all  of 
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the  Heavy  Series  for  v^hich  there  are  no  corresponding: 
roller  bearing  standards. 

WIDTHS  OP  EXTRA-WIDE  TYPE  ANNULAR  BALL  BEARINGS 


LlOHT  SXRIBB 

Mbdium  Sizes 

HSAVT  Sbriks 

No: 

Width,  In. 

No. 

Width,  In. 

No. 

Width.  In. 

200 
301 

300 
301 

202 
203 
204 

302 
303 
304 

»/4 
V» 

403 
404 

'  ivu' 

IV. 

205 
206 
207 

305 
306 
307 

1 
l>/l. 

405 
406 
407 

IV. 
IVu 
1V« 

20S 
209 
210 

1 
1 
1 

308 
309 
310 

iVu 
l"/« 

408 
409 
410 

l».n 

2'/i 

2«/u 

211 
212 
213 

l»/l« 
l"/« 

IV. 

311 
312 
313 

1»/16 

2>/. 
2Vi6 

411 
412 
413 

2V» 
2»/. 
2»/w 

214 
215 
21« 

r/i. 

F/ii 
1V« 

314 
315 
316 

2»/i 

2"/ii 

2"/u 

414   . 

415 

416 

3V* 

3t/4 

3Vi« 

217 

218 

IVi 
2 

317 
318 

V/n 

417 
418 

3»/s 
SV. 

219 
220 

2«/i. 
2»/» 

319 
320 

3>/u 

3V« 

419 
420    . 

4«/i. 
.     4Vi 

221 

222 

2*/u 
2«/« 

321 
322 

37ii 
3V8 

Anntdar  Ball  Bearings — Extra  Large  Type — Light  Series 

The  Division  has  recommended  for  adoption  as  S.  A.  E. 
Standard  the  attendant  series  of  extra  large  annular  ball 
bearings.  The  Division  is  now  working  on  tolerances  for 
both  the  light  and  medium  aeries. 


Extra  Large  Ttpe  Light  Series  Annual  Ball  Bearings 
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DIMENSIONS  FOR  UGHT  SERIES  EXTRA  LARGE  TYPE  BEARINGS 


W 

r 

B 

D 

or  Individual 

CORNKB 

No. 

Rings 

Radiub 

Mm. 

In. 

Mm. 

In. 

Mm. 

Id. 

Mm. 

In. 

224 

120 

4.72441 

215 

8.4646 

42 

1.6535 

3 

0.12 

226 

130 

5.1181 

230 

0.0551 

46 

1.8110 

3 

0.12 

228 

140 

6.5118 

250 

0.8425 

50 

1.9685 

0.12 

230 

150 

5.9056 

270 

10.6299 

54 

2.1260 

0.16 

232 

160 

6.2902 

290 

11.4173 

58 

2.2835 

0.16 

234 

170 

6.6929 

310 

12.2047 

62 

2.4409 

0.16 

236 

180 

7.0866 

330 

12.0921 

66 

2.5984 

0.16 

238 

igo 

7.4803 

350 

13.7795 

70 

2.7559 

0.16 

240 

200 

7.8740 

370 

14.5669 

74 

2.9134 

0.20 

242 

210 

8.2677 

390 

15.3543 

78 

3.0709 

0.20 

NOTE.— For  temperature  of  meuuremcnt  and  definition  of  eccentricity,  see  page  29cc,  S.  A.  E. 
Handbook,  Vol.  I. 

TOLERANCES    FOR    LIGHT    SERIES 

Bore +0.0002,  —0.0006  in. 

Outside  diameter +0.0000,  — 0.0012  In. 

Width  of  Individual  rings +0.0000,  —0.0060  in. 

Eccentricity:    . 

Inner  race 0.0012  in. 

Outer  race 0.0018  in. 

Annular  Ball  Bearings — Separable  Type 

The  standard  for  the  separable  or  open  type  of  annular 
ball  bearings  accepted  by  the  Society  in  April,  1919,  page 
29ca,  S.  A.  E.  Handbook,  Vol.  I,  did  not  include  toler- 
ances. The  Division  has  recommended  for  adoption  as 
S.  A.  E.  Standard  the  following  inch  tolerances  for  the 
annular  ball  bearings  of  the  separable  type: 


Bore 

Outside  diameter 

Eccentricity 

Inner  race 

Outer  race 


+  0.0000,-0.0005  in. 
+  0.0005,-0.0000  in. 

0.0006  in. 
0.0012  in. 


Annular  Ball  Bearings — Extra  Small  Type 

The  standard  for  the  extra  small  type  of  annular  ball 
bearings  accepted  by  the  Society  in  April,  1919,  page 
29cb,  S.  A.  E.  Handbook,  Vol.  I,  did  not  include  toler- 
ances. The  Division  has  recommended  for  adoption  as 
S.  A.  E.  Standard  the  following  inch  tolerances  for 
annular  ball  bearings  of  the  extra  small  type : 
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Bore  +0.0002,-0.0004  in. 

Outside  diameter  +  0.0000,  —  0.0005  in. 

Width  of  individual  rings  +  0.0000,  —  0.0050  in. 
Eccentricity 

Inner  race  0.0006  in. 

Outer  race  0.0012  in. 

Annular  Ball  Bearings — Extra  Large  Type — Medium 
Series 


^ B  ... 

--  , 

H 

M 

* 

w 

_4 

U. D J 

DIMENSIONS  FOR  MEDIUM  SERIES  EXTRA  L.\RGE  TYPE  BEARINGS 


w 

r 

B 

D 

or  Individual 

RlNOS 

COBNBR 

Radidb 

No. 

Mm. 

In. 

Mm. 

In. 

Mm. 

In. 

Mm. 

In. 

324 

120 

4.7244 

'26O 

10.2362 

66 

2.1654 

0.16 

32» 

1^ 

6.1181 

280 

11.0236 

59 

2.3228 

0.16 

328 

140 

6.6118 

1300 

11.8110 

63 

2.4803 

0.16 

330 

160 

6.9066 

1320 

12.5984 

67 

2.6378 

0.16 

332 

160 

6.2992 

340 

13.3858 

71 

2.7963 

0.20 

334 

170 

6.6929 

1360 
^380 

14.1732 

75 

2.9528 

0.20 

336 

180 

7.0866 

14.9606 

79 

3.1102 

0.20 

338 

190 

7.4803 

400 

16.7480 

83 

3.2677 

0.20 

340 

200 

7.8740 

420 

16.5364 

87 

3.4252 

0.20 

342 

210 

8.2677 

440 

17.3228 

80 

3.50391 

0.20 

NOTE.— For  temperatore  of  meaurement  and  de6iutioD  of  eccentricity,  aee  page  29oc,  S.  A.  E. 
Handbook,  Vol.  I. 

TOLERANCES  FOR  MEDIUM  SERIES 

Bore    +0.0002,  —0.0006  in. 

Outside    diameter +0.0000,  — 0.0012  in. 

Width  of  individual  rings +0.0000,  —0.0050  in. 

Ek»:entriclty : 

Inner  race    0.0012  in. 

Outer  race 0.0018  In. 

Comer  Radii  Tolerances 

Trouble  has  been  experienced,  particularly  in   aero- 
nautical work,  owing  to  the  rounding  of  the  edges  of  the 
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outer  race  not  being  a  true  quarter  circle.  The  Division 
has  therefore  recommended  that  all  corner  radii  in  pres- 
ent and  future  standards  for  ball  and  roller  bearings  be 
specified  as  minimum  radii. 

Electrical  Equipment  Division 
{Report  as  adopted  by  the  Society) 
Bracket  Mounting  for  Generators 

The  Division  has  recommended  that  the  present  S.  A.  E. 
Standard  for  Bracket  Mounting  for  Generators,  page 
36xc,  S.  A,  E.  Handbook,  Vol.  I,  be  revised  so  that  the 
thread  for  the  shaft-end  will  be  7/16  in.-20  S.  A.  E.  in- 
stead of  7/16  in.-14  U.  S.  S.,  as  the  S.  A.  E.  Standard 
thread  is  used  in  present  practice  instead  of  the  U.  S. 
Standard. 

Flange  Mounting  for  Generators 

The  Division  has  recommended  that  the  present  S.  A.  E. 
Standard  for  Flange  Mounting  for  Generators,  page  36c, 
S.  A.  E.  Handbook,  Vol.  I,  be  extended  to  specify  the 
shaft-end  as  1/2  in.-20  S.  A.  E.  instead  of  V2  in.  as  at 
present. 

Engine  Division 

(Report  a«  adopted  by  the  Society) 

Tractor  Flywheel  Housings 

When  the  tractor  engine  and  transmission  case  are 
used  as  a  self-supported  unit  it  is  often  desired  to  use 
larger  capscrews  than  those  given  in  the  present  stand- 
ard. The  Division  has  therefore  recommended  that  a 
note  substantially  as  follows  be  included  in  the  present 
standard  given  on  pages  81  and  81a,  S.  A.  E.  Handbook, 
Vol.  I. 

When  it  is  desired  to  use  V2  in.-13  in  place  of 
%  in.-16  U.  S.  Standard  capscrews,  they  shall  be 
located  on  the  standard  bolt  circle,  the  flange 
inside  diameter  remaining  the  same,  but  the 
outside  diameter  of  the  transmission  case  flange 
may  be  increased  by  \^  in. 

When  the  outside  diameter  of  the  transmis- 
sion case  flange  is  not  finished,  as  when  channel 
iron  supporting  pads  or  brackets  are  cast  over 
the  edge  of  the  flange,  the  outside  diameter  of 
the  transmission  case  flange  is  increased  %  in. 
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over  the  outside  diameter  of  the  standard  fin- 
ished flange.  The  inside  diameter  and  the  bolt 
circle  are  to  be  the  same  in  either  case. 

Engine  Support  Arms 


DIMENSIONS  FOR  TRUCK  AND  TRACTOR  ENGINE  SUPPORT  ARMS 


No. 

A 

B 

C 

D 

E 

F 

G 

R 
hUx 

PhMtiM 

1 

23M 

26« 

28% 

2 

2« 

1 

0.750 

1i« 

Tmekand  tractor 

3 

S81& 

MM 

25% 

2M 

!«• 

« 

0.035 

% 

Tmek 

ar 

20 

21% 

23M 

8 

1% 

11 

0.035 

H 

TruokMd  tractor 

In  traelor  pnotiee  tho  lupport  va»  are  w&ataJfy  bolted  to  the  top  of  the  ade  aiember  and 
in  truck  pOMtiee  to  ft  mb-frBDie  or  to  braekela  iDoanted  inaide  the  lidB  member. 
Engiiie  iapport  arm  No.  1  if  intended  for  me  on  flywbeel  honw*  Na  1,  Na  2  on  tjnrheel 
No.  2, 3  end  4,  and  No.  2T  on  flywheel  bounng  No.  2. 


In  preparing  the  following  proposal,  data  and  sug- 

.gestions  were  obtained  from  tractor  and  tractor  engine 

manufacturers  and  carefully  considered  by  a  Subdivision 
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composed  of  engine  and  tractor  transmission  manufac- 
turers. In  reference  to  the  recommendation  for  the  No. 
2T  size  it  was  considered  advisable  to  maintain  20  in. 
between  the  side-rails  because  this  dimension  is  exten- 
sively used  in  present  practice  and  any  increase  over  20 
in.  would  materially  affect  the  turning  radius  of  the 
tractor,  which  is  one  of  the  most  important  factors  in 
tractor  design. 

As  the  present  S.  A.  E.  Recommended  Practice  for 
truck  engine  support  anAs,  page  31b,  S.  A.  E.  Handbook, 
Vol.  I,  is  now  well  established,  the  Division  recommends 
that  it  be  changed  to  S.  A.  E.  Standard. 

The  proposed  standard  for  engine  support  arms  for 
the  No.  1  and  2T  flywheel  housings  for  tractor  practice 
is  given  elsewhere  herein,  together  with  the  present 
recommended  practice  for  the  No.  1  and  2  sizes  for  truck 
practice. 

Crankshaft  Grinding  Wheels 

Data  obtained  by  the  Subdivision  appointed  to  con- 
sider this  subject  showed  that  with  sixty-four  companies 
representing  the  passenger  car,  commercial  vehicle  and 
tractor  industries  there  are  twenty-nine  widths  of  crank- 
shaft pins  and  seven  radii  in  common  use.  It  is  felt  that 
the  adoption  of  a  standard  will  enable  abrasive  wheel 
manufacturers  to  reduce  the  number  of  stock  wheel  sizes 
materially  and  permit  quicker  delivery  than  when  wheels 
are  made  to  purchasers'  specifications.  The  proposed 
standard  will  also  indicate  a  uniform  means  for  specify- 
ing wheel  widths,  as  it  is  stated  that  there  is  at  present 
considerable  misunderstanding  regarding  the  extra  width 
allowed  on  new  wheels  for  dressing  purposes. 

The  intention  of  the  Subdivision  was  to  standardize 
the  crankshaft  pin  lengths,  but  the  Division  believes  that 
the  results  desired  will  be  accomplished  better  by  speci- 
fying the  wheel  widths  as  now  recommended  for  adoption. 

WIDTHS  AND  CORNER  RADII  OF  CRANKPHAFT  GRINDING  WHEELS 


Nomiiul  Widths,  In. 


Radii  of  Edges,  In. 


11/^  !•/•,  l«/4,  r/»,  2, 2>/8, 2»/4. 2»/i,  2V^  2«/4. 3,  SVi.  3«/t.  3»/«,  4 


•/ME 


This  speciflcatton  applies  only  to  unfinished  grrindlnR  wheels  for 
crankshafts.  Wheels  are  to  be  ordered  by  the  purchaser  to  the 
specified  nominal  widths.  The  wheel  manufacturer  allows  0.029  in. 
additional  to  widths  for  truing.  Radii  of  edges  are  specified  as- 
maximum  to  allow  for  dressing  wheels  to  crank-pin  radiL 
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THE    DISCUSSION 

H.  M.  Crane: — With  regard  to  the  radius  of  the  edge 
of  the  grinding  wheels,  which  is  given  as  3/82  in.  maxi- 
mum, I  assume  that  is  done  with  the  understanding  that 
the  crankshaft  manufacturer  will  modify  that  radius. 
That  dimension,  3/32  in.,  is  of  course,  too  small  a  radius 
to  use  for  crankshaft  fillets. 

R.  S.  Burnett: — This  radius  applies  to  the  unfinished 
wheel  so  that  the  manufacturer  can  dress  it  to  whatever 
radius  he  wants  for  grinding  the  crankshaft. 

Mr.  Crane  :-r^The  footnote  to  the  table  regarding  the 
fact  that  the  grinding  wheel  manufacturers  allow  0.029 
in.  in  addition  on  the  width  for  truing  wheels,  should  be 
amplified  to  explain  the  reason  for  the  3/32  in.  maximum 
radius,  to  make  it  clear  that  this  also  is  specified  to  allow 
for  truing  and  for  reaching  a  radius  that  is  properly  pro- 
portioned to  the  crank  bearing  itself. 

Albert  Turner: — Regarding  the  widths  for  grinding 
wheels  I  believe  that  the  gradation  is  too  fine  as  proposed 
and  that  the  ^^-in.  sizes  should  be  omitted;  that  is,  the 
series  should  progress  in  steps  of  y^  in.  instead  of  %  in. 
The  wheel  manufacturers  have  standardized  to  a  con- 
siderable extent  and  make  wheels  in  %-in.  steps.  When 
a  wheel  is  ordered  in  %-in.  size  it  is  necessary  to  dress  it 
down  from  the  next  larger  size,  causing  extra  expense. 
If  the  widths  were  in  even  %-in.  steps  the  wheels  could 
be  kept  in  stock  and  there  would  not  be  the  additional 
expense  of  truing  them  down.  This  would  also  reduce 
the  number  of  sizes  in  the  table  from  fifteen  to  twelve, 
which  I  think  would  be  ample  to  cover  the  necessary 
range. 

The  8/82-in.  radius  should  be  specified  as  a  minimum 
instead  of  a  maximum.  The  wheels,  when  they  are  first 
made  ready  for  shipment,  are  square  cornered.  The  pur- 
pose of  the  radius  on  the  comer  is  to  make  the  wheel 
stand  up  in  use.  If  the  radius  is  too  small  on  the  corner 
it  will  break  dovim  in  use,  but  if  it  is  made  of  ample  size 
it  will  stand  up  much  longer.  About  %  in.  should  be  the 
minimum  radius,  but  as  a  little  variation  should  be  al- 
lowed, a  3/32-in.  minimum  radius  will  probably  be  satis- 
factory. 

Mr.  Burnett: — The  original  proposal  of  the  Sub- 
division which  prepared  this  report  included  the  Vg-in. 
progression  of  sizes  as  shown  in  the  report.  It  was  not 
believed  wise  to  take  out  the  %-in.  step  from  the  nar- 
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rower  sizes  as  this  would  limit  the  number  of  widths  too 
greatly.  The  preliminary  recommendation  applied  to  the 
crankshaft  pins,  however,  rather  than  to  the  wheels.  The 
radius  originally  specified  by  the  Subdivision  applied  to 
the  crankshaft  pins  and  was  %  in.  up  to  a  8-in.  pin 
diameter  and  3/16  in.  for  the  larger  diameters.  Mem- 
bers of  the  Engine  Division  felt,  however,  that  the  grind- 
ing wheel  widths  should  be  specified  so  that  the  crank- 
shaft or  engine  builder  could  grind  the  crank-pins  to  any 
length  desired,  and  that  the  radius  should  be  a  maximum 
to  leave  enough  material  for  the  user  to  dress  the  edge 
of  the  wheel  to  the  radius  of  the  crank-pin  fillet.  The 
dressing  of  the  wheel  is,  of  course,  left  to  the  user  and  it 
is  intended  that  the  dimensions  in  the  proposal  shall  apply 
to  the  rough  wheel  as  purchased  from  the  wheel  manu- 
facturer. 

Chairman  B.  B.  Bachman  : — ^With  regard  to  the  speci- 
fying of  the  radius  there  is  probably  a  tendency  to  be 
a  trifle  confused  as  to  whether  we  are  speaking  of  the 
product  or  the  tool.  If  we  are  speaking  of  the  product, 
the  wording  should  be  minimum;  if  we  are  speaking  of 
the  tool,  it  should  be  maximum,  because  what  is  wanted 
is  a  wheel  that  will  have  sufficient  material  on  the  edge 
to  allow  for  dressing  down  to  a  proper  radius  in  propor- 
tion to  the  pin. 

Engine  Testing  Forms 

As  the  present  S.  A.  E.  Standard  for  Engine  Testing 
Forms  is  satisfactory  for  kerosene  fuel  engine  testing, 
the  Division  has  recommended  that  a  note  be  added  to 
the  forms  stating  that  they  are  intended  for  engines 
using  either  gasoline  or  kerosene  fuel. 

Ibon  and  Steel  Division 

(Report  as  adopted  by   the  Society) 

MdUeable  Iron  Castings 

Malleable  iron  castings  are  being  used  to  a  large  extent 
in  the  automotive  industry,  and  the  Division  has  there- 
fore recommended  that  the  A.  S.  T.  M.  Specification  No. 
A  47-19  for  malleable  castings  be  adopted  as  S.  A.  E. 
Standard. 

In  1914  the  original  malleable  castings  specification 
adopted  by  the  Society  was  withdrawn,  as  it  was  based 
on  chemical  analysis  and  was  not  practicable.    The  present 
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proposal  applies  to  the  physical  characteristics  of  malle- 
able castings,  which  is  considered  the  best  method  of 
controlling  the  quality  of  this  product. 

Malleable  Iron  Castings  ^ 

Material  Covered  These  specifications  cover  malleable 
castings  for  general  automotive  purposes. 

Process  The  castings  shall  be  produced  by  either  the 
air-furnace,  open-hearth^  or  electric-furnace  process. 

Tension  Tests  The  tension  test-specimens  specified 
shall  conform  to  the  following  minimum  requirements 
as  to  tensile  properties: 

Tensile  strength,  lb.  per  sq.  in.  45,000 

Elongation  in  2  in.,  per  cent  7.6 

Special  Tests  All  castings,  if  of  sufficient  size,  shall 
have  cast  thereon  test-lugs  of  a  size  proportional  to  the 
thickness  of  the  casting,  but  not  exceeding  %  by  %  in. 
in  cross-section.  On  castings  which  are  24  in.  or  over 
in  length,  a  test-lug  shall  be  cast  near  each  end.  These 
test-lugs  shall  be  attached  to  the  casting  at  such  a  point 
that  they  will  not  interfere  with  the  assembling  of  the 
castings,  and  may  be  broken  off  by  the  inspector. 

If  the  purchaser  or  his  representative  so  desires,  a 
casting  may  be  tested  to  destruction.  Such  a  casting 
shall  show  good,  tough  malleable  iron. 

Tension  Test-Specimens'  Tension  test-specimens  shall 
be  of  the  form  and  dimensions  shown.  Specimens  whose 
mean  diameter  at  the  smallest  section  is  less  than  19/32 
in.  will  not  be  accepted  for  test. 


-JL. 
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Ma^lleable  Iron  Tension  Test-Specimen 

A  set  of  three  tension  test-specimens  shall  be  cast 
from  each  melt,  without  chills,  using  heavy  risers  of 
sufficient  height  to  secure  sound  bars.  The  specimens 
shall    be   suitably    marked    for   identification   with   the 

^Thia  speciflcation  conforms  with  Specification  No.  A47-19  of  the 
American   Society  for  Testing:  Materials. 
^Test-specimens  are  not  machined. 
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melt.  Each  set  of  specimens  so  cast  shall  be  placed  in 
some  one  oven  containing  castings  to  be  annealed. 

Number  of  Testa  After  annealing,  three  tension  teat- 
specimens  shall  be  selected  by  the  inspector  as  repre- 
senting the  castings  in  the  oven  from  which  these  speci- 
mens are  taken. 

If  the  first  specimen  conforms  to  the  specified  require- 
ments, or  if,  in  the  event  of  failure  of  the  first  speci- 
men, the  second  and  third  specimens  conform  to  the 
requirements,  the  castings  in  that  oven  shall  be  accepted, 
except  that  any  casting  may  be  rejected  if  its  test-lug 
shows  that  it  has  not  been  properly  annealed.  If  either 
the  second  or  third  specimen  fails  to  conform  to  the 
requirements,  the  entire  contents  of  that  oven  shall  be 
rejected. 

Reannealing  Any  castings  rejected  for  insufllcient 
annealing  may  be  reannealed  once.  The  reannealed 
castings  shall  be  inspected  and  if  the  remaining  test- 
lugs,  or  castings  broken  as  specimens,  show  the  castings 
to  be  thoroughly  annealed,  they  shall  he  accepted;  if  not, 
they  shall  be  finally  rejected. 

Workmanship  The  castings  shall  conform  substan- 
tially to  the  patterns  or  drawings  furnished  by  the  pur- 
chaser, and  also  to  gages  which  may  be  specified  in 
individual  cases.  The  castings  shall  be  made  in  a  work- 
manlike manner.  A  variation  of  Vs  in.  per  ft.  will  be 
permitted. 

Finish  The  castings  shall  be  free  from  injurious 
defects. 

Marking  The  manufacturer's  identification  mark  and 
the  pattern  numbers  assigned  by  the  purchaser  shall 
be  cast  on  all  castings  of  sufficient  size,  in  such  positions 
that  they  will  not  interfere  with  the  service  of  the 
castings. 

Inspection  The  inspector  representing  the  purchaser 
shall  have  free  entry  at  all  times  while  work  on  the 
contract  of  the  purchaser  is  being  performed,  to  all  parts 
of  the  manufacturer's  works  which  concern  the  manufac- 
ture of  the  castings  ordered.  The  manufacturer  shall 
afford  the  inspector,  free  of  cost,  all  reasonable  facili- 
ties to  satisfy  him  that  the  castings  are  being  furnished 
in  accordance  with  these  specifications.  All  tests  and 
inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment,  unless  otherwise  specified,  and  shall 
be  so  conducted  as  not  to  interfere  unnecessarily  with 
the  operation  of  the  works. 
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The  manufacturer  shall  be  required  to  keep  a  record 
of  each  melt  from  which  castings  are  produced,  showing 
tensile  strength  and  elongation  of  test-specimens  cast 
from  such  melts.  These  records  shall  be  available  and 
shown  to  the  inspector  whenever  required. 

Rejection  Castings  which  show  injurious  defects 
subsequent  to  their  acceptance  at  the  manufacturer's 
works  may  be  rejected,  and,  if  rejected,  shall  be  replaced 
by  the  manufacturer  free  of  cost  to  the  purchaser. 

THE    DISCUSSION 

F.  P.  GiLLlGAN: — The  malleable  iron  specification  is 
recommended  for  adoption  in  response  to  a  number  of 
specific  requests  from  members,  and  in  view  of  the  fact 
that  the  American  Society  for  Testing  Materials  had  de- 
veloped the  best  type  of  malleable  iron  specifications  that 
we  knew  of,  the  members  of  the  Division  felt  that  it 
would  be  desirable  to  adopt  it  without  change. 

Chairman  B.  B.  Bachman  :— There  is  a  question  of 
policy  which  should  be  considered  in  connection  with  this 
matter.  The  question  has  been  raised  as  to  whether  it 
is  the  function  of  the  S.  A.  E.  to  deal  with  matters  having 
to  do  with  the  testing  of  materials.  The  proposal  deals 
principally  with  the  properties  which  shall  be  required 
and  with  the  methods  for  determining  these  properties. 

H.  M.  Crane  : — I  feel  that  it  would  be  wise  to  publish 
this  proposal  as  general  information  and  as  a  specifica- 
tion of  the  American  Society  for  Testing  Materials,  as  it 
involves  the  relations  between  purchaser  and  seller  to  a 
large  extent.  It  brings  in  questions  of  inspection,  etc., 
which  I  do  not  think  properly  belong  in  this  Society's 
Standards  as  such.  It  is,  however,  a  very  valuable  speci- 
fication to  have  in  the  Handbook  as  to  what  has  been 
worked  out  in  a  practical  way  toward  determining  whether 
malleable  castings  are  satisfactory.  It  is  generally  ac- 
knowledged that  it  is  very  difficult  to  specify  what  the 
castings  should  be  and  a  specification  such  as  proposed 
will  serve  as  a  valuable  guide  to  engineers.  However,  if 
the  American  Society  for  Testing  Materials  should  alter 
its  specifications  we  would  have  to  do  likewise. 

Mr.  Gilligan  : — The  point  in  connection  with  malleable 
iron  is  that  chemical  composition  alone  is  of  no  value.  The 
maker  must,  of  course,  work  within  certain  limits,  but 
the  castings  may  have  the  required  composition  and  still 
lack  the  physical  properties  and  other  characteristics  de- 
sired in  malleable  iron  castings.    The  only  way  to  control 
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the  quality  of  malleable  iron  is  by  making  fracture  tests, 
etc.,  leaving  the  composition  of  the  castings  to  the  maker. 
The  Society  had  formerly  a  specification  that  was  based 
primarily  on  composition,  but  it  failed  to  attain  its  pur- 
pose. The  proposed  specification  has  been  developed  by 
specialists  and  represents  the  best  American  practice. 

H.  S.  Pierce: — It  appears  to  me  that  the  specification 
proposed  is  a  broad  generality.  Foundries  making  many 
malleable  castings  soon  learn  that  castings  for  various 
purposes  require  different  degrees  of  hardness  and  elon- 
gation. Malleable  iron  is  not  a  definite  substance;  it 
can  be  made  to  suit  conditions. 

H.  J.  Stagg: — I  think  that  the  main  point  to  be  brought 
out  here  is  that  sometimes  a  chemical  specification  means 
absolutely  nothing.  The  physical  specification  is  all- 
important.  If  the  Society  adopts  a  malleable  iron  specifi- 
cation, I  am  strongly  in  favor  of  adopting  a  method  of 
determining  the  physical  properties  of  the  iron. 

Mr.  Crane  : — The  conditions  applying  to  malleable  iron 
are  the  same  as  apply  to  cast  iron  and  to  the  method  of 
making  piston-rings.  The  specification  of  chemical  analy- 
sis alone  is  an  absolutely  impossible  method  of  controlling 
the  quality  of  castings. 

G.  L.  NORRIS: — I  believe  that  it  should  be  the  policy 
of  the  Society  to  have  its  specifications  conform  with 
those  of  the  American  Society  for  Testing  Materials  in 
respect  to  the  methods  of  testing  and  determining  physi- 
cal properties. 

Mr.  Crane  : — ^With  respect  to  the  test-specimen  in  this 
specification,  is  it  to  be  understood  that  the  bars  are  not 
machined? 

James  S.  MagGregor: — It  is  important  in  a  specifica- 
tion of  this  kind  to  state  the  condition  of  the  test-speci- 
men. Specimens  of  malleable  cast  iron  tested  as  cast  and 
malleabilized  yield  very  different  results  from  those 
obtained  if  the  specimens  are  machined  before  testing. 

Mr.  Gilligan: — It  is  not  customary  to  machine  these 
test-specimens.  A  footnote  to  this  effect  can  be  included 
in  the  specification. 

High-Chromium  Steel 

In  line  with  the  Division  policy  of  publishing  in  The 
Journal  and  the  S.  A.  E.  Handbook  information  about 
all  types  and  uses  of  new  steels  coming  before  the  indus- 
try, a  Subdivision  was  appointed  to  review  all  available 
data  in  reference  to  high-chromium  steel.    The  follow- 
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Relation      Between    the    Tempering    Temperatures     and    the 
Brinell    Hardness    Numbers    op    Hioh-Chromium    Steel 

ing  report  has  been  accepted  by  the  Division  and  pub- 
lished in  The  Journal.' 

High-chromium,  or  what  is  called  stainless  steel 
containing  from  11  to  14  per  cent  chromium,  was  orig- 
inally developed  for  cutlery  purposes,  but  has  in  the  past 
few  years  been  used  to  a  considerable  extent  for  exhaust 
valves  in  airplane  engines  because  of  its  resistance  to 
oxidation  or  scaling  at  high  temperatures. 


Carbon 

Manganese,  not  to  exceed 

Phosphorus,  not  to  exceed 

Sulphur,  not  to  exceed 

Chromium, 

Silicon,  not  to  exceed 


Per  cent 

0.20  to  0.400 
0.500 
0.035 
0.035 
11.50  to  14.000 
0.300 


Forging  The  steel  should  be  heated  slowly  and  forged 
at  a  temperature  above  1750  deg.  fahr.,  preferably 
between  1800  and  2200  deg.  fahr.  If  forged  at  tempera- 
tures between  1650  and  1750  deg.  fahr.  there  is  con- 
siderable danger  of  rupturing  the  steel  because  of  its 
hardness  at  red  heat.  Owing  to  the  air-hardening  prop- 
erty of  the  steel,  the  drop-forgings  should  be  trimmed 
while  hot.  Thin  forgings  should  be  reheated  to  red- 
ness before  trimming,  as  otherwise  they  are  liable  to 
crack. 


*Sed  The  Journal,  September  1919,  p.   262. 
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Heat-Treatment  Forgings  will  be  hard  if  they  are 
allowed  to  cool  in  air.  This  hardness  varies  over  a  range 
of  from  250  to  500  Brinell,  depending  on  the  original 
forging  temperature. 

Annealing  This  can  be  done  by  heating  to  tempera- 
tures ranging  from  1290  to  1380  deg.  fahr.  and  cooling 
in  air  or  quenching  in  water  or  oil.  After  this  treat- 
ment the  forgings  will  have  a  hardness  of  about  200 
Brinell  and  a  tensile  strength  of  100,000  to  112,000  lb. 
per  sq.  in.  If  softer  forgings  are  desired  they  can  be 
heated  to  a  temperature  of  from  1560  to  1650  deg.  fahr. 
and  cooled  very  slowly.  Although  softer  the  forgings 
will  not  machine  as  smoothly  as  when  annealed  at  the 
lower  temperature. 

Hardening  The  forgings  can  be  hardened  by  cooling 
in  still  air  or  quenching  in  oil  or  water  from  a  tempera- 
ture between  1650  and  1750  deg.  fahr. 

Valves  These  have  generally  been  made  to  the  fol- 
lowing specification  of  physical  properties: 

Yield  point,  lb.  per  sq.  in.  70,000 

Tensile  strength,  lb.  per  sq.  in.  90,000 
Elongation  in  2  in.,  per  cent  18 

Reduction  of  area,  per  cent  50 

The  usual  heat-treatment  is  to  quench  in  oil  from  1650 
deg.  fahr.  and  temper  or  draw  at  1100  to  1200  deg. 
fahr.  One  valve  manufacturer  stated  that  valves  of 
this  steel  are  hardened  by  heating  the  previously 
annealed  valves  to  1650  deg.  fahr.  and  cooling  in  still 
air.  This  treatment  gives  a  scleroscope  hardness  of 
about  50. 

Cold-Working  This  steel  can  be  drawn  into  wire, 
rolled  into  sheets  and  strips  and  drawn  into  seamless 
tubes. 

Corrosion  This  steel  like  any  other  steel  when  dis- 
torted by  cold  working  is  more  sensitive  to  corrosion  and 
will  rust.  Rough  cut  surfaces  will  rust.  Surfaces  fin- 
ished with  a  fine  cut  are  less  liable  to  rust.  Ground 
and  polished  surfaces  are  practically  immune  to  rust. 

Scaling  Comparative  resistance  to  scaling  or  oxida- 
tion at  high  temperatures  is  shown  in  the  accompanying 
chart. 

Physical  Properties  The  physical  properties  do  not 
vary  greatly  when  the  carbon  is  within  the  range  of 
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CX)MPARI80N  OF  PHYSICAL  PROPERTIES  FOR  HIOH-CHROMfUM  STEELS  OF 
DIFFERENT  CARBON  CONTENT 


C  0.20 
Mn  0.45 
Cr     12.56 


C  0.27 
Mn  0.50 
Cr     12.24 


C     0.50 
Cr  14.84 


Queaohed  in  oil  from  deg.  fahr, 
Tempered  at  deg.  fahr. 
Yield  pomt,  lb.  per  aq.  in. 
Tenale  straigthj  lb.  per  eq.  in. 
Elongation  in  2  m.,  per  cent 
Reduetion  of  area,  per  cent 


1.600 
1,160 
78.800 
104.600 
25.000 
52.500 


1.600 
1.080 
75.000 
104.250 
23.500 
51.400 


1.650 
1,100 
01.616 
123.648 
14.500 
33.500 


COMPARISON  OF  PHYSICAL  PROPERTIES  BETWEEN  AIR,  OIL  AND  WATER- 
HARDENED  STEEL  HAVINQ  CHEMICAL  ANALYSIS  IN  PERCENTAGE  OF 

Carbon 0.240 

Manganese 0 .  300 

PhomhoruB 0.035 

Sulphur .*. 0.035 

Chromium 12.850 

Silicon 0.200 


Hardened 

Tempered 

Elartio 

Tensile 

Elongation 

Hardening 

from. 

at.  deg. 

Limit.  lb. 

Strength 

in  2  In. 

of  Arm. 

Medium 

deg.fahr. 

fahr. 

per  eq.  in. 

lb.  per. 
eq.in. 

percent 

per  cent 

f    030 

158.815 

192.415 

13.0 

40.5 

1.100 

09.680 

12q.065 

21.0 

59.2 

Air 

1.650 

^ 

1.300 

70.785 

101,250 

26.0 

64.6 

1.380 

66.080 

98.395 

28.0 

63.6 

1.470 

70.785 

96,990 

27.0 

64.7 

f    030 

163,070 

2(yS.720 

8.0 

18.2 

Oil 

1.650 

1.100 

88.255 

116.480 

20.0 

56.9 

1.300 

77.050 

105.505 

25.5 

63.8 

[1.380 

88,255 

98.785 

27.0 

66.3 

158.815 

202.050 

120 

34.2      . 

Water 

1.650 

1    1»0 

1.100 

90.270 

120,735 

22.0 

59.8 

1.300 

66.080 

102.590 

25.8 

64.8 

1.380 

67.200 

97.890 

27.0 

65.2 

composition  given^  or  when  the  steel  is  hardened  and 
tempered  in  air,  oil,  or  water. 

Applications  In  addition  to  use  in  valves  this  steel 
should  prove  very  satisfactory  for  shafting  for  water- 
pumps  and  other  automobile  parts  subject  to  objection- 
able corrosion. 

THE    DISCUSSION 

Chairman  B.  B.  Bachman: — This  proposal  is  pre- 
sented for  consideration  as  general  information  only. 
The  reason  for  this  is  that  it  is  claimed  that  certain 
patent  rights  apply  to  this  particular  steel,  and  in  accord- 
ance with  our  procedure  we  are  not  adopting  as  standard 
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3  4  5  6 

Time  in  Unit»  of  24-  Hour5 


Rbsults  of  Sgalinq  Tb8T8  of  Various  Stbbls 

S,  hlffh-^hromium  steel ;  HS.  high-speed  steel ;  KN,  8NS,  nickel 
chromium  steel ;  N»  25  per  cent  nickel  steel ;  N,  6  per  cent  nickel 
steel ;  A.  0.30  per  cent  carbon  steel. 

Specimens  were  heated  at  the  temperatures  stated  and  weighed 
every  24  hr.  after  removing  the  scale. 

Temperatures  in  degrees  centigrade. 

or  recommended  practice  anything  claimed  to  be  of  a 
proprietary  nature. 


Nickel  Steel 

As  5  per  cent  nickel  steel  is  widely  used  for  case-hard- 
ened parts,  the  Division  has  recommended  for  adoption 
as  S.  A.  E.  Standard  the  following  composition  for  5  per 
cent  nickel  steel  to  be  known  as  S.  A.  E.  Specification 
No.  2512. 


Specification  No.  351a 


Carbon,  not  to  exceed 

Manganese 

Sulphur,  not  to  exceed 

Phosphorus,  not  to  exceed 

Nickel 


Per  cent 
0.170 

0.30  to  0.600 
0.045 
0.040 

4.60  to  6.260 
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Tungsten  Steel 

The  Iron  and  Steel  Division  has  recommended  for  adop- 
tion as  S.  A.  E.  Standard  the  following  composition  for 
low-tungsten  steel,  to  be  known  as  S.  A.  E.  Specification 
No.  7260.  Low-tungsten  steel  is  more  vddely  used  for 
both  inlet  and  exhaust  valves  than  high-tungsten  steeL 
The  composition  proposed  conforms  to  Specification  No. 
W60b  of  the  Bureau  of  Aircraft  Production. 


Specification  No.  7260 


Per  cent 

Carbon 

0.60  to  0.700 

Manganese,  not  to  exceed 

0.800 

Phosphorus,  not  to  exceed 

0.086 

Sulphur,  not  to  exceed 

0.086 

Chromium 

0.60  to  1.000 

Tungsten 

1.60  to  2.000 

Lighting  Divibion 

{Report  as  adopted  by  the  Society) 

Side-Lamp  Glasaes 

DIMENSIONS  FOR  STOB-LAMP  GLASSES 


OovBDB  DiAionB  or  Lbnb 

Bfomnni  Lion  Oramira  m  Doob 

NomittlDiMiieter 

ToleniMM 

Noniiial  Dmmeler 

ToknuMM 

6 

1 

+O.-H1 

1« 

2K 
4 
6 
9 

+0.-% 
+0.-!4f 

Ulw  90i-Juiip  glMi. 

JliAnm  of  beral  adn  for  all  tiatt  ii  14  in.,  phn  !b.  miaus  0.   Thii  b  eonmonljr  kaowD  a 
doablMhkk  AmarieuigiiA 
TUi  fteadud  b  to  beeone  fiilbr  operative  JiOr  1, 102L 


The  Lighting  Division  has  recommended  for  adoption 
as  S.  A.  E.  Standard  the  following  series  of  side-lamp 
glass  dimensions.  The  present  standard  tail-lamp  glass 
is  8  in.  in  diameter  with  tolerances  of  plus  1/82  in.,  minus 
1/64  in.  The  recommendation  changes  these  tolerances 
to  conform  with  those  recommended  for  bead-lamp,, 
side-lamp  and  spot-lamp  glasses.  The  recommendation, 
together  with  the  present  standard  for  head-lamp  glasses, 
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is  intended  for  automobile  electric  and  oil-Iamp  glasses 
including  types  such  as  semaphore,  beehive  and  prism. 

HeadrLamp  lUuminatum 

The  present  S.  A.  E.  Reconunended  Practice  for  Head- 
Lamp  Illumination  states  that  no  portion  of  the  direct 
reflected  beam  cone  of  light  shall  rise  about  42  in.  As 
the  direct  reflected  beam  cone  of  light  cannot  always  be 
satisfactorily  defined  and  as  a  certain  amount  of  light 
should  be  permitted  above  42  in.,  it  is  believed  that  the 
actual  glare  and  illumination  candlepower  values  which 
should  obtain  at  certain  parts  of  a  screen  when  placed  100 
ft.  in  front  and  at  right  angles  to  the  axis  of  the  head- 
lamps should  be  specified.  Measurements  of  the  illu- 
mination produced  can  be  made  easily  and  accurately  by 
means  of  a  portable  foot-candle  meter  and  it  is  therefore 
very  simple  to  determine  whether  or  not  the  head-lamps 
are  properly  adjusted  to  comply  with  any  requirements. 

The  present  Recommended  Practice,  adopted  by  the 
Society  in  1916  and  revised  in  1917  and  in  1918,  is  as 
follows: 

The  head-lamps  shall  be  arranged  so  that  no 
portion  of  the  direct  reflected  beam  cone  of  light 
when  measured  76  ft.  ahead  of  the  head-lamps 
shall  rise  above  42  in.  from  the  level  surface  of 
the  road  on  which  the  vehicle  stands  under  any 
conditions  of  loading;  nor  shall  any  portion  of 
the  direct  reflected  beam  cone  of  light  rise 
beyond  the  75-ft.  distance  more  than  12  in. 
above  the  center  of  the  head-lamps. 

The  Lighting  Division,  in  cooperation  with  the  Com- 
mittee on  Automobile  Headlighting  Specifications  of  the 
Illuminating  Engineering  Society,  has  done  considerable 
research  work  on  head-lamp  illumination  and  has  recom- 
mended that  the  present  S.  A.  E.  Recommended  Practice 
be  revised  to  conform  to  the  following: 

The  head-lamps  shall  be  arranged  so  that 
under  normal  conditions  of  loading 

The  light  produced  at  a  distance  of  100  ft. 
directly  ahead  of  the  head-lamps  and  at  a  height 
of  60  in.  or  more  above  the  level  surface  on 
which  the  automotive  vehicle  stands  shall  not 
exceed  2400  apparent  cp. 

The  light  produced  100  ft.  ahead  of  the  vehicle 
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and  7  ft.  or  more  to  the  left  of  its  axis  and  at  a 
height  of  60  in.  or  more  above  the  level  surface 
on  which  the  vehicle  stands  shall  not  exceed  800 
apparent  cp. 

This  recommendation  is  based  on  the  results  of  a  series 
of  tests  made  in  1918  and  1919.  The  first  tests  were 
made  to  indicate  how  much  light  is  necessary  to  reveal  a 
man  in  dark  clothes  260  ft.  in  front  of  a  car  and  how 
much  light  the  driver  can  tolerate  without  feeling  that 
the  glare  is  objectionable  and  unsafe  to  drive  against. 
Head-lamps  were  placed  on  a  level  concrete  road  in  rela- 
tively the  same  positions  that  they  would  be  on  two 
cars  preparing  to  pass,  the  distance  between  the  two 
pairs  of  head-lamps  being  100  ft. 

The  electrical  and  photometric  equipment  was  such 
that  the  intensity  of  tiie  light  for  either  pair  of  head- 
lamps could  be  varied  by  the  observer  and  his  opinions  of 
glare  and  illumination  recorded.  The  procedure  followed 
was  to  have  the  observer  increase  the  illumination  of  his 
own  head-lamps  until  he  felt  that  the  illumination  was 
adequate  to  reveal  a  man  at  150  and  then  at  250  ft.  in 
front  of  the  head-lamps.  Then  with  these  head-lamps 
set  at  this  recorded  intensity  the  opposing  head-lamps 
were  turned  on  and  the  illumination  increased  until  in  the 
observer's  opinion  the  glare  was  at  a  maximum  for  safe 
and  convenient  .driving. 


B 

c 

if 

fir 

F 

Points    Used    for    Specifying    Candlepower    Values 

Location  of  points  is  as  follows :  A  Is  level  with  center  of  head- 
lamps  and  100  ft  ahead  of  vehicle,  B  is  1  deg.  or  21  in.  below  A, 
C  Is  1  deg.  or  21  In.  above  A,  P  is  4  deg.  or  7  ft.  to  the  left  of  C 
as  observed  from  the  vehicle,  £?  Is  4  deg.  or  7  ft  to  the  right  of  A, 
and  F  is  2  deg.  or  42  In.  below  B.  The  passenger  car  Is  shown  In 
the  Illustration  only  to  indicate  the  location  of  point  A  with  respect 
to  the  bead-lampa 
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Subsequent  tests  were  made  with  automobiles  equipped 
with  head-lamps  adjusted  to  give  approximately  the 
values  deduced  from  the  observations  made  in  the  first 
tests  by  the  fifty  observers.  It  was  decided  as  a  result  of 
these  tests  that  it  was  necessary  to  have  approximately 
4800  apparent  cp.  to  obtain  satisfactory  road  illumination 
at  200  ft.  and  that  dangerous  glare  would  be  experienced 


Typb  or  Portable  Foot-Candlb  Mstsr  Used 

if  the  illumination  at  1  deg.  above  the  horizontal  ex- 
ceeded 2400  apparent  cp.  and  the  illumination  at  1  deg. 
above  and  4  deg.  to  the  left  of  the  axis  of  the  car  ex- 
ceeded 800  apparent  cp. 

Tests  were  recently  conducted  with  head-lamps  adjusted 
to  give  the  following  illumination  and  glare  candlepower 
values  at  100  ft.  ahead  of  the  head-lamps  and  for  the 
points  shown  in  the  drawing  on  page  21.  The  candle- 
power  values  were  determined  by  the  foot-candle  meter 
shown. 

At  some  point  between  A  and  B,  4800  apparent  cp. 
At  point  C,  2400  apparent  cp. 
At  point  Z>,  800  apparent  cp. 
At  some  point  between  E  and  F,  1200  apparent  cp. 

The  equipment  consisted  of  three  cars  equipped  with 
special  head-lamps,  lenses,  storage  batteries,  voltmeters 
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and  rheostats.  The  equipment  for  each  car  was  as  shown 
on  page  23.  The  cars  were  operated  on  a  dark  night 
at  equal  intervals  on  a  level  macadam  road  recenthr  sur- 
faced, which  was  selected  on  account  of  the  absence  of 
street  and  house  lights.  After  20-min.  runs  observers 
were  requested  to  give  their  opinions  as  to  the  glare  pro- 
duced by  the  head-lamps  of  oncoming  cars  and  the 
adequacy  of  the  illumination  produced  on  the  road  by 
the  head-lamps  of  the  car  in  which  they  were  riding. 

The  result  of  the  tests  showed  that  ten  observers  were 
of  the  opinion  that  the  glare  was  excessive,  ten  that  it 
was  not  excessive,  and  six  that  it  was  the  most  that 
should  be  permitted.  The  analysis  of  the  observations, 
however,  indicated  that  the  glare  value  was  satisfactory 
as  a  maximuHL 

The  observations  also  indicated  that  the  illumination  of 
4800  apparent  cp.  as  a  minimum  at  some  point  between 
A  and  B  was  satisfactory  as  a  legal  requirement,  but 
that  a  higher  value  should  be  specified  for  recommended 
practice.  It  is  thought  that  an  illumination  of  10,000 
cp.  at  some  point  between  A  and  B  would  be  more 
satisfactory  and  that  the  light  produced  at  4  deg.  on 
either  side  of  the  axis  of  the  vehicle  and  between  the 


Method  op  Mountino  Spbcial  Hbad-Lamps. 
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level  of  th^  head-lamps  and  2  deg.  bdlow  this  level  should 
be  increased  to  at  least  2400  cp. 

The  Division  in  cooperation  with  the  Illuminating  En- 
gineering Society's  Committee  plans  to  run  additional 
tests  with  head-lamps  calibrated  to  give  these  proposed 
candlepower  values. 

THE    DISCUSSION 

H.  M.  Crane: — The  Lighting  Division  in  cooperation 
with  the  Illuminating  Engineering  Society  has  done  much 
toward  working  out  an  arrangement  that  can  be  readily 
controlled  and  which  will  give  the  best  possible  driving 
light  combined  with  the  least  possible  amount  of  danger- 
ous glare.  There  are  undoubtedly  patented  head-lamp 
glasses  which  would  do  the  work  perfectly  well  if  applied 
to  the  car  properly,  but  we  frequently  see  cars  with  vari- 
ous types  of  lenses  which  have  worked  out  of  their  proper 
position,  and  instead  of  lighting  the  road  they  throw  a 
strong  light  in  the  eyes  of  the  oncoming  driver.  One 
object  of  the  committee  is  to  develop,  if  possible,  some 
type  of  control  that  can  be  readily  understood  by  the 
average  owner  and  which  can  be  expected  to  continue  to 
perform  the  desired  service  without  continuous  attention. 
W.  A.  McKay: — The  former  Recommended  Practice 
of  the  Society  was  that  the  head-lamp  should  be  arranged 
so  that  no  portion  of  the  direct  reflected  beam  cone  of 
light  should  rise  above  42  in.  from  the  surface  of  the 
road.  As  the  direct  reflected  beam  cone  of  light  cannot 
always  be  satisfactorily  defined  and  as  a  certain  amount 
of  light  should  be  permitted  above  42  in.,  it  is  believed 
that  the  actual  glare  and  illumination  candlepower  values 
which  should  obtain  at  certain  parts  of  a  screen  when 
placed  100  ft.  in  front  of,  and  at  right  angles  to,  the  axis 
of  the  head-lamps  should  be  specified.  Measurements  of 
the  illumination  produced  can  be  easily  and  accurately 
made  by  a  portable  foot-candle  meter  and  it  is  therefore 
very  simple  to  determine  whether  or  not  the  head-lamps 
are  properly  adjusted  to  comply  with  any  requirements. 
Formerly  head-lamp  specifications  simply  stated  that 
certain  conditions  should  not  exist,  usually  that  there 
should  not  be  a  certain  glare.  There  was  always  diffi- 
culty in  determining  whether  the  head-lamps  did  produce 
dangerous  glare.  The  proposed  specifications  have  defi- 
nite candlepower  values  so  that  the  illumination  can  be 
measured  with  a  portable  foot-candle  meter,  making  it 
possible  for  those  who  have  to  do  with  the  enforcement 
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of  laws  to  find  out  definitely  whether  a  head-lamp  is  ad- 
justed in  accordance  with  such  a  specification  as  the  one 
proposed. 

Dr.  C.  H.  Sharp:— The  Committee  on  Automobile 
Headlighting  Specifications  of  the  Illuminating  Engi- 
neering Society  has  given  the. matter  of  the  proper  limi- 
tation of  headlight  glare  much  consideration  and  has 
made  many  practical  road  tests  for  the  purpose  of  estab- 
lishing the  values  which  are  given  in  your  report.  Of 
course  glare  limitations  can  never  be  absolute,  inasmuch 
as  the  limit  of  tolerable  glare  from  an  approaching  car 
depends  upon  the  road  illumination  produced  by  one's 
own  lights.  The  figures  given  in  the  report,  however,  are 
based  on  reasonable  values  of  road  illumination.  These 
figures  were  first  promulgated  in  connection  with  the 
specifications  for  acceptability  of  headlighting  devices 
under  the  New  York  State  law,  and  were  prepared  by 
the  Committee  on  Automobile  Headlighting  Specifica- 
tions at  the  request  of  Secretary  of  State  Hugo  for  that 
purpose.  Since  then  they  have  entered  into  the  regula- 
tions of  the  States  of  Connecticut,  Pennsylvania  and  Cali- 
fornia. They  therefore  have  already  a  very  considerable 
degree  of  sanction  on  the  part  of  the  law-making  and 
law-administrating  authorities. 

Miscellaneous  Division 

(Report  as  adopted  by   the  Society) 

BaU-and-Socket  Joints 

The  Division  has  recommended  for  adoption  as  S.  A.  B. 
Standard  the  attendant  dimensions  for  ball-and-socket 
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joints.  The  tentative  recommendation  has  been  sub- 
mitted to  manufacturers  and  users  and  their  criticism 
obtained.  The  proposed  standard  applies  to  the  two  most 
widely  used  types  of  ball-and-socket  joints  and  the  series 
of  sizes  proposed  meets  all  general  requirements  for 
spark  and  throttle  control. 

DIMENSIONS  FOR  BALL-AND-SOCKET  JOINTS 
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THE    DISCUSSION 

E.  H.  Ehrman: — The  standardization  of  ball-and- 
socket  joints  has  been  under  consideration  by  the  Miscel- 
laneous Division  for  approximately  2  years  and  the  mem- 
bers believe  that  the  proposed  specification  will  cover 
practically  all  requirements  in  a  satisfactory  manner. 
There  is  one  point  that  I  would  like  to  explain.  The 
National  Screw  Thread  Commission  plans  to  discard  all 
fractional  sizes  below  ^4  in.,  so  the  Division  recommends 
that  7/32  in.  be  expressed  as  No.  12,  since  it  is  almost 
identical  with  it.  The  pitch  of  82  threads  per  inch  is 
pretty  well  established  in  the  product  of  one  manufac- 
turer of  ball-and-socket  joints  and  it  is  claimed  that  the 
sale  of  this  size  of  joint  is  very  extensive,  so  that  it 
might  work  a  hardship  to  change.  The  S.  A,  E.  adopted 
in  aircraft  work,  28  threads  per  inch  for  the  No.  12 
size,  and  at  the  time  of  its  adoption  the  criticism  was 
that  manufacturers  could  not  buy  from  the  tap  makers 
No.  12  taps  having  32  threads.  It  is  apparent,  however, 
from  circularizing  the  manufacturers  and  users  of  ball- 
and-socket  joints  that  the  32-pitch  thread  is  satisfactory 
and  that  there  apparently  is  no  difficulty  in  obtaining 
No.  12-32  taps  and  dies. 
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Alex  Taub: — I  would  like  to  find  out  just  where  a 
%-in.  ball-and-socket  joint  could  be  used  aside  from 
drag-links.    Why  standardize  it? 

Mb.  Ehrman: — ^The  series  was  purposely  extended  to 
include  the  largest  and  smallest  sizes  proposed.  It  is  dif- 
ficult to  determine  the  limits  of  the  range  of  sizes,  but  to 
my  personal  knowledge  the  proposed  largest  and  smallest 
sizes  have  been  used;  for  what  purposes,  however,  I  do 
not  know.  Since  there  is  a  demand  for  them  the  Divi- 
sion believes  a  standard  should  be  established  as  a  guide. 

Chairman  B.  B.  Bach  man:— I  think  that  the  answer 
to  Mr.  Taub's  question  is  that  the  Society  is  dealing  vdth 
not  only  passenger  cars  but  trucks,  tractors,  marine  ap- 
paratus, motorcycles,  stationary  internal-combustion  en- 
gines and  airplanes.  This  expands  the  field  of  our  work 
to  such  an  extent  that  the  specifications  qf  the  Standards 
Committee  to  be  complete  must  take  into  consideration 
requirements  of  all  these  different  fields  of  automotive 
work.  There  are  many  of  us  who  being  interested  in  one 
particular  line  naturally  may  not  see  the  reason  for  the 
extension  of  these  standards  outside  of  our  own  experi- 
ence. 

Mb.  Taub: — Is  it  not  a  fact  nevertheless  that  these 
larger  sizes  cannot  be  purchased  from  stock,  but  must 
be  ordered  specially? 

Mb.  Ehbman: — To  illustrate  the  reason  for  the  pro- 
posal, I  will  refer  to  the  S.  A.  E.  Standard  screws.  The 
sizes  that  are  used  most  are  carried  in  stock  and  the 
extreme  lengths  and  the  larger  sizes  have  to  be  made 
to  order.  No  one  would  be  expected  to  carry  IV^-in. 
S.  A.  E.  screws  in  stock  because  there  is  so  little  call  for 
them ;  still  the  standard  covers  this  size. 

F.  C.  Goldsmith  : — ^The  idea  in  this  matter  is  to  work 
out  a  suitable  standard  and  have  it  adopted  by  the  So- 
ciety without  waiting  until  individual  practices  become 
established. 

Fuel  Vdcuunv-Tank  Mounting  and  Connections 

This  subject  was  proposed  for  standardization  at  the 
1919  Summer  Meeting  of  the  Society.  It  was  stated  at 
that  time  that  the  vacuum  method  of  regulating  the  flow 
of  gasoline  to  the  carbureter  has  been  adopted  for  use  on 
approximately  80  per  cent  of  the  different  makes  of  auto- 
mobiles, but  that  there  was  no  standard  practice  for  the 
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FUEL  VACUUM-TANK  MOUNTINGS  AND  CONNECTIONS 
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n*ip»-line  oonneotioM  and  plugs  are  Briggi  standard  taper  pipe  threads. 
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mounting  dimensions  or  connections  for  the  fuel  and 
vacuum-pipe  lines. 

It  will  be  noted  that  the  pipe-line  connections  for  the 
vacuum  pipes  and  the  gasoline  inlets  and  outlets  are 
specified  as  Briggs  standard  taper  pipe  threads  and  con- 
form to  S.  A.  E.  Recommended  Practice  for  carbureter 
fittings,  pages  86a  and  S5b,  S.  A.  E.  Handbook,  Vol.  I. 

The  Miscellaneous  Division  has  therefore  recommended 
for  adoption  as  S.  A.  E.  Standard  the  fuel  vacuunfi-tank 
mountings  and  pipe  conections  shown  in  the  accompany- 
ing drawing  and  table. 

OUless  Bushings 

The  Division  has  recommended  for  adoption  as  S.  A.  E. 
Recommended  Practice  the  following  sizes  of  oilless  bush- 
ings. The  subject  was  suggested  as  suitable  for  stand- 
ardization by  a  manufacturer  of  bearings,  as  practically 

DIMENSIONS  FOR  OILLESS  BUSHINGS 
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Dimensions  in  Inches. 

Wall  thickness:  below  1^  in.  Inside  diameter,  1/32.  1/16.  and 
%  in.;  above  and . including  1^  in.  inside  diameter,  1/32,  1/16,  % 
and  3/16  in. 

*Inside  diameter  tolerances:  below  1  in.,  +  0.001  or  -j-  0.003  in.; 
above  and  Including  1  in.,  -f  0.001  or  +  0.004  in. 

every  automobile  builder  specifies  different  size  bushings, 
necessitating  making  these  parts  to  order.  Data  were 
obtained  from  the  industry  showing  sizes  of  bushings  m 
use  and  the  attendant  recommendation  represents  a  great 
reduction  in  the  number  of  sizes. 

Tank  and  Radiator  Caps 

The  Division  has  recomrnended  for  adoption  as  S.  A.  E. 
Recommended  Practice  the  following  cap  and  plug  types 
of  tank  and  radiator  caps.  No  thiead  tolerances  were  pro- 
posed by  the  Division,  as  it  is  desired  to  base  them  on 
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DIMENSIONS  FOR  RADUTOR  AND  FUEL  TANK  CAPS 
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the  final  report  of  the  National  Screw  Thread  Commis- 
sion. A  recess  of  three  threads  is  specified  for  the  cap 
in  order  to  allow  sufficient  clearance  for  tapping. 

This  proposal  is  based  on  the  recommendation  made 
at  the  June,  1919,  meeting  of  the  Standards  Committee, 
when  it  was  referred  back  to  the  Division  for  further 
consideration.  It  was  the  consensus  of  opinion  that  the 
S.  A.  E.  Standard  fine  threads  should  be  specified  rather 
than  16  U.  S.  Standard  pitch  for  all  sizes  and  that  the 
%-in.  sizes  should  be  eliminated.  The  original  recom- 
mendation was  based  on  data  obtained  from  fifty-six 
companies  representing  both  makers  and  users,  and 
showed  that  there  were  in  use  by  those  companies  sixty 
different  types  and  sizes  of  fuel  tank  caps  and  fifty-eight 
different  types  and  sizes  of  radiator  caps. 

The  present  recommendation  is  made  after  a  careful 
review  of  automobile,  tractor,  aeronautic,  marine,  and 
stationary  engine  practice. 
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MoTOBCYCUB  Division 

{Report  as  adopted  by  the  Society) 

Spark-Plug  Shells 

TAPPED  HOLE  DIMENSIONS 


Diameter 

MAznnni 

Mmnnni 

Mm. 

In. 

Mm. 

In. 

Outsde  (full) 
Pitch  (effective) 
Root  (core) 

18.265 
17.127 
10.162 

0.7101 
0.6743 
0.6350 

18.116 
17.076 
16.101 

0.7171 
0.6728 
0.6836 

SPARK-PLUG  THREAD  DIMENSIONS 

DiftiQeter 

MiLzmuM 

Mnmnm 

• 

Mm. 

In. 

Iftn. 

In. 

Outside  (full) 
Pitch  (effective) 
Ro9t(oore) 

18.001 
17.026 
16.890 

0.7087 
0.670S 
0.6256 

17.025 
16.040 
15.839 

0.7057 
0.6673 
0.6286 

T>ie  Motorcycle  Division  has  recommended  that  the 
thread  limits  for  the  present  S.  A.  B.  Recommended  Prac- 
tice for  Spark-PIug  Shells  be  extended  to  four  decimal 
places  and  the  millimeter  equivalents  included.  The 
revision  is  proposed  in  order  to  provide  a  definite  specifi- 
cation in  accordance  with  good  motorcycle  engineering 
practice.  This  specification  together  with  all  other 
R.  A.  E.  screw-thread  standards  will  probably  be  more  or 
less  affected  by  the  final  report  of  the  National  Screw 
Thread  Commission. 

Non-Ferbous  Metam  Division 

{Report  as  adopted  by   the  Society) 

There  have  been  considerable  advances  in  the  art  of 
manufacturing  aluminum  castings  since  the  adoption  of 
the  present  aluminum  alloy  standards  in  1911,  and  the 
Non-Ferrous  Metals  Division  has  therefore  undertaken 
to  bring  these  standards  into  conformity  with  the  best 
aluminum  casting  practice  of  today. 
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Data  have  been  obtained  from  manufacturers  and 
users  of  non-ferrous  metal  alloys  and  considered  by  a 
Subdivision.  The  Division  has  recommended  that  the 
present  S.  A.  E.  Standard  for  Aluminum  Alloys,  page  18, 
S.  A.  E.  Handbook,  Vol.  I,  be  revised  to  conform  to  the 
following  proposal  which  is  based  on  the  subdivision 
report. 

Aluminum  AUoy — Specification  No.  30 

Aluminum,  not  less  than,  per  cent  90.00 

Copper,  per  cent  8.5  to  7.0 

All  other  elements  shall  not  exceed  1.7  per  cent,  of 
which  not  over  0.2  per  cent  shall  be  zinc.  No  other  ele- 
ments except  silicon,  iron,  manganese  and  tin  shall  be 
allowed. 

The  tensile  strength  of  test-specimens  about  V^  in.  in 
diameter  of  this  alloy  cast  in 'sand  and  tested  without 
machining  off  the  skin  should  be  about  18,000  to  20,000 
lb.  per  sq.  in.  and  the  elongation  1  to  2  per  cent  in  2  in. 

This  is  a  light  alloy  having  a  specific  gravity  of  about 
2.83  and  is  used  more  extensively  in  the  automotive 
industry  than  all  other  light  casting  alloys  combined. 
A  shrinkage  of  0.156  (5/32)  in.  per  ft.  should  be  allowed 
in  pattern  designs.  This  alloy  is  used  for  crankcases, 
oil-pans,  steering-wheel  spiders,  differential  carriers, 
transmission  cases,  camshaft  housings,  hub-caps  and 
similar  parts. 

Aluminum  Alloy — Specification  No.  31 

Aluminum,  not  less  than,  per  cent  81.00 

Copper,  per  cent  3.25  to  2.25 

Zinc,  per  cent  14.5  to  12.5 

All  other  elements  shall  not  exceed  1.7  per  cent.  No 
other  elements  except  silicon,  iron,  manganese  and  tin 
shall  be  allowed. 

The  tensile  strength  of  test-specimens  about  ^/^  in.  in 
diameter  of  this  alloy  cast  in  sand  and  tested  without 
machining  off  the  skin  should  be  about  25,000  to  30,000 
lb.  per  sq.  in.  with  an  elongation  of  more  than  1  per 
cent  in  2  in. 

The  specific  gravity  is  about  3.0  and  a  shrinkage  of 
0.156  (5/82)  in.  per  ft.  should  be  allowed  in  pattern 
designs. 

This  alloy  is  used  extensively  in  England  for  such 
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parts  as  crankcases,  oil-pans,  steering-wheel  spiders  and 
transmission  cases. 

Aluminum  AUoy — Specification  No.  32 

Aluminum,  not  less  than,  per  cent  85.5 

Copper,  per  cent  13.5  to  11.00 

All  other  elements  shall  not  exceed  1.7  per  cent.  The 
zinc  shall  not  exceed  0.2  per  cent.  No  other  elements 
except  silicon,  iron,  manganese  and  tin  shall  be  allowed. 

The  tensile  strength  of  test-specimens  about  V^  in.  in 
diameter  of  this  alloy  cast  in  sand  and  tested  without 
machining  off  the  skin  should  be  about  19,000  to  23»000 
!b.  per  sq.  in.  and  the  elongation  will  be  practically 
nothing. 

The  specific  gravity  of  this  alloy  is  about  2.95  and 
a  shrinkage  of  0.156  (5/32)  in.  per  ft.  should  be  allowed 
in  pattern  designs.  This  alloy  is  used  for  manifolds, 
pumps,  carbureters,  cylinders  and  other  parts  which 
should  be  free  from  leaks  and  where  the  brittleness  of 
the  alloy  is  not  objectionable. 

THE    DISCUSSION 

R.  W.  Woodward:— Specification  No.  32  is  changed 
entirely  from  an  aluminum-zinc  alloy  to  an  aluminum- 
copper  alloy  and  the  properties  of  the  new  alloy  are 
outlined. 

A  Member: — ^With  respect  to  the  use  of  these  alloys 
for  pressure  die  castings,  I  do  not  believe  any  manufac- 
turer would  undertake  a  contract  with  any  of  these 
specifications.  Every  automobile  on  the  market  today 
has  anywhere  from  ten  to  fifty  die  castings  and  the  die- 
casting  process  must  therefore  be  considered.  Neither 
these  chemical  nor  physical  specifications  can  be  applied 
to  any  die  casting  that  is  being  produced  today.  One 
company  at  least  produces  about  2,000,000  lb.  of  alumi- 
num die  castings  per  month.  While  I  admit  that  the 
specification  from  a  purely  theoretical  standpoint  may  be 
all  right,  the  practical  application  of  the  present-day 
methods  has  not  been  considered  sufficiently  and  I  think 
the  reference  to  the  use  of  the  specifications  for  pressure 
die  castings  should  be  omitted. 

F.  W.  Andrew: — I  believe  that  the  statement  that 
these  formulas  are  not  good  for  die  castings  is  correct 
and  that  they  should  not  be  passed  for  that  purpose. 

Chairman  B.  B.  Bachman: — Is  it  to  be  understood. 
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therefore,  that  these  compositions  are  suitable  for  sand 
castings? 

Mr.  Woodward: — I  think  these  specifications  were 
drawn  up  principally  for  use  in  making  sand  castings. 
The  preparation  of  formulas  for  die-casting  alloys  will 
be  taken  up  separately  by  the  Division. 

Marines  Division 

{Report  as  adopted  by   the  Society) 

Water-Pipe  Flanges 

Present  marine  practice  is  to  use  S.  A.  E.  Standard 
carbureter  flanges  for  water-pipe  flanges.  The  Division 
has  therefore  recommended  the  following  proposal  for 
adoption  as  S.  A.  E.  Recommended  Practice: 

The  present  S.  A.  E.  Standard  for  two  and  four- 
bolt  type  carbureter  flanges  given  on  data  sheets  35 
and  35xa,  S.  A.  E.  Handbook,  Vol.  I,  is  S.  A.  E. 
Recommended  Practice  for  Water-Pipe  Flanges. 

Motorboat  Control  Levers 

The  Marine  Division  feels  that  standardization  of  the 
direction  of  the  movement  of  motorboat  control  levers 
will  simplify  the  handling  of  motorboats  and  decrease 
the  number  of  accidents  caused  by  unfamiliarity  with 
controls  and  has  therefore  proposed  the  following  recom- 
mendaton  for  adoption  as  S.A.E.  Standard: 

For  spark  and  throttle  control  levers  for  motorboats 
intended  for  one-man  control,  the  spark  lever  should 
be  shorter  than  the  throttle  lever  and  both  should  be 
mounted  on  stationary  sectors.  The  sectors  should  be 
placed  so  that  the  levers  are  moved  forward  or  upward 
to  advance  the  spark  or  to  open  the  throttle. 

The  gearshift  lever  should  be  placed  so  that  it  is 
moved  forward  to  pass  from  neutral  to  ahead  and  back- 
ward to  pass  from  neutral  to  reverse. 

Reverse  Couplings — Steel 

The  present  S.  A.  E.  Standard  for  Steel  Reverse  Coup- 
lings has  been  criticised  because  the  nuts  specified  do  not 
conform  to  the  S.  A.  E.  Standard,  causing  unnecessary 
expense  and  trouble  in  obtaining  special  nuts  for  use  in 
standard  couplings.  The  Division  has,  therefore,  pro- 
posed that  the  present  standard  be  revised  so  as  to  allow 
the  use  of  S.  A.  E.  Standard  nuts.     The  proposed  nut 
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thicknesses  for  thread  diameters  of  over  l^^-in.  were 
determined  according  to  the  empirical  formula  for  the 
smaller  standard  sizes :  thickness  =  %  of  bolt  diameter. 

Shaft  Fittings  Division 
(Report  as  adopted  by  the  Society) 

The  Shaft  Fittings  Division  has  obtained  the  con- 
sensus of  opinion  of  the  industry  in  reference  to  the. 
present  spline  fitting  standards  upon  which  the  follow- 
ing revisions  and  extensions  presented  for  adoption  are 
based.  The  revised  tolerances  and  proposed  corner  radii 
are  recommended  as  being  in  accordance  with  the  best 
engineering  practice. 

Four-Spline  Fittings 

The  Division  has  recommended  that  the  tolerance  for 
width  W  of  the  present  S.A.E.  Standard  for  Four-Spline 
Fittings  be  increased  by  0.001  in»,  making  the  total 
tolerance  0.002  in.  for  nominal  diameter  from  %  to 
1%  in.  inclusive  and  0.003  in.  from  2  to  3  in.  inclusive; 
and  that  a  maximum  radius  of  0.015  in.  be  specified  for 
the  corners  of  the  splines. 


0.075D 
0.850D 


D H 

4B 

W  =  0  241D 

h  =  0125D 

d  =  0.750D 


Four-Splinb  Shaft  Fittings 

THE  DISCUSSION 
C.  W.  Spicer: — The  increasing  use  of  spline  fittings  in 
tractor  work  as  well  as  some  large-size  shafts  required  in 
war  work  has  made  it  exceedingly  desirable  to  extend  the 
present  standards.  It  will  be  recalled  that  several  years 
ago  there  was  a  question  whether  there  should  be  a  speci- 
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fied  radius  at  the  corners  of  the  spline.  At  that  time  it 
was  considered  theoretically  desirable  but  not  practically 
possible.  It  will  be  exceedingly  difficult  and  expensive  to 
adopt  'iny  given  radius,  but  if  the  splines  are  made  with 
square  comers  these  cannot  be  maintained  for  any  length 
of  time  as  the  corners  in  the  tools  and  pieces  \yill  gradu- 
ally wear  dowr..  It  is  therefore  considered  advisable  to 
specify  the  maximum  radius  for  the  corners  of  the  spline. 
This  applies  also  to  the  six  and  ten-Spline  Fittings. 

Six-Spline  Fittings 
The  Division  has  recommended  that  the  tolerance  for 
width  W  of  the  present  S.A.E.  Standard  for  Six-Spline 
Fittings  be  increased  by  O.OOI  in.,  making  the  total 
tolerance  0.002  in.  for  nominal  diameters  from  %  to 
1%  in.  inclusive  and  0.003  in.  from  2  to  3  in.  inclusive; 
and  that  a  maximum  radius  of  0.015  in.  be  specified  for 
the  comers  of  the  splines. 

Ten-Spline  Fittings 
The  Division  has  recommended  that  the  tolerance  for 
width  W  of  the  present  S.A.E.  Standard  for  Ten-Spline 
Fittings  be  increased  by  0.001  in.,  making  the  total  tol- 
erance 0.002  in.  for  nominal  diameters  from  %  to  1% 
in.  inclusive  and  0.003  in.  from  2  to.  3  in.  inclusive; 
that  a  maximum  radius  of  0.015  in.  be  specified  for  the 
corners  of  the  splines ;  and  that  the  standard  be  extended 
to  include  6-in.  and  intermediate  nominal  diameters. 

SixteenrSpline  Fittings 
Twelve-spline  fittings  in  diameters  upvto  and  includ- 
ing 5  in.  have  been  used  to  a  limited  extent  in  the 
automotive  industry.  The  Shaft  Fittings  Division  does 
not  wish  to  encourage  the  use  of  a  fitting  with  the 
number  of  splines  only  slightly  more  than  those  of  the 
ten-spline  fitting,  and  has  therefore  proposed  for  adoption 
the  following  sixteen-spline  fitting,  which  is  considered 
preferable  to  a  twelve-spline  fitting.  The  sixteen-spline 
fitting  will  permit  greater  shaft  strength,  owing  to  the 
smaller  height  of  the  splines,  than  either  a  ten-  or  twelve- 
spline  fitting. 

THE    DISCUSSION 

C.  W.  Spicer: — Requirements  in  war  work  made  it 
necessary  in  some  cases  to  use  spline  fittings  as  large  as 
5  in.  in  diameter.  These  larger  diameters  natural'y  re- 
quire more  than  ten  splines,  and  in  practice  eighteen  or 
twenty  splines  were  used.     Twelve  splines  are  also  in 
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use  but  this  fitting  is  so  close  to  the  ten-spline  that  it 
does  not  seem  desirable  to  have  such  a  new  standard. 
The  sixteen-spline  fitting  has  therefore  been  developed 
somewhat  as  a  compromise  due  to  the  existing  conditions. 

Stationary  Engine  and  Lighting  Plant  Division 

(Report  as  adopted  by   the  Society) 
Approval  of  Existing  S.  A.  E.  Standards 

The  Division  has  approved  the  following  S.  A.   E. 

Standards  and  Recommended  Practices  as  satisfactory 

for  stationary  engine  practice: 

Data  Sheet 

Adjustable  Yoke  Rod-Ends  1 

Plan  Yoke  Rod-Ends  la 

Eye  Rod-Ends  2 

Rod-End  Pins  2a 

Cotter-Pins  2b 

Spark-Plug  Shells  3 

Nuts  for  Machine  Screws  3c 

Screws  and  Bolts  4, 4a 

Screw  Threads  4c 

Lock  Washers  5 

Taper  Fittings  with  Castle  Nuts  7e 
Steel  Specifications                     9,  9a,  9b,  9c,  9d 

Valve  Metals  10 

Babbitt  Metal  11 

Bearing  Metals  11 

Brass  Casting  Metals  12 

Cast  Manganese  Bronze  12a 
Manganese  Bronze  Sheets  and  Rods       12b,  12c 

Hard  Cast  Bronze  12d 

Gear  Bronze  12d 

Aluminum  Alloys  13 

Brass  Sheets  and  Strips  13a 

Brass  Rods  13fo 

Tobin  Bronze  Rods  13b 

Non-P,errous  Metal  Tubing      •  13c 

Pitch  of  Silent  Chains  14b 

Widths  of  Silent  Chains  14b 

Roller-Chain  Dimensions  14c 

Round  Tension  Test-Specimen  16 

Flat  Tension  Test-Specimen  15xa 

Flat  Tension  Test-Specimen  15a 

Shock  Test-Specimen  15xb 

Gray-Iron  Test-Specimen  16b,  16c 

Brinell  Hardness  Test  16xd 
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Data  Sheet 
Cold-Drawn  Seamless  Steel  Tubes  16 

Steel  Bands  and  Strips  17 

Annular  Ball  Bearings  29,  29a,  29b,  29c 

Roller  Bearings  29d,  296 

Fan  Belt  and  Pulley  Widths  80 

Disk-Clutch  Flywheel  Housings  81 

Gone-Clutch  Flywheel  Housings  81a 

Engine  Support  Arms — ^Truck  81b 

Poppet  Valves  82 

Carbureter  Flanges  85,  85xa 

Flared  Tube  Carbureter  Unions  85a 

Flared  Tube  Carbureter  Ells  and  Tees  85b 

Carbureter  Throttle  Levers  35b 

Carbureter  Air  Heater  85c 

Carbureter  Throttle-Lever  Throw  85d 

Flexible  Metal  Tubing  86d 

Hand  Starting-Cranks  85e 

Magneto  Dimensions  86,  86xa 

Ignition  Distributor  Mounting  86b 

Flange  Mountings  for  Starting  Motors  86d 

Barrel  Mounting  for  Starting  Motors  86da 

Non-Magnetic  Magneto  Shims  86db 

Magneto  Couplings-Flexible  Disk  86db 

Cable  Terminals  for  Generators,  Switches 

and  Meters  S6dc,  86dd 

Cable  Terminals  for  Starting  Motors  86e 

Cables  for  Starting  Motors  86e 

Starting  Motor  Pinion  86a 

Thermostat  Connections  87 

Clamps  and  Fittings  for  Rubber  Hose  87 

Bases,   Sockets  and  Connectors  for  Insu- 
lated-Return Systems  88xa 
Oversize  Cylinders  47a 
Piston-Ring  Grooves                               47a,  47b 
Instructions  for^the  Installation  and  Care 
of  Storage  Batteries  Used  in  Connection 
with  Electric  Starting  and  Lighting  Sys- 
tems on  Automobiles                      48,  48a,  48b 
Storage  Battery  Terminal  Posts                   48xc 
Posts  for  Small  Cells                                    48xc 
Dimensions  of  Lead  Batteries  for  Lighting 
and  for  Combined  Lighting  and  Starting 
Service  48c 
Temperature  Test  of  Insulating  Materials 
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Data  Sheet 

of  Electrical  Apparatus  on  Gasoline  Au- 
tomobiles 48g 

Fuse  Dimensions  for  Electrical  Installation 
on  Gasoline  Automobiles  48h 

Insulated  Cable  for  Gasoline  Cars 

48i,  48j,  48k,  481,  48m 

Flexile  Steel  Tubing  for  Automobile  Elec- 
tric Wiring  48n,  48-o 

Rating  of  Storage  Batteries,  Electric  Light- 
ing Plants  57 

Voltage   and    Capacity    Ratings,    Electric 
Lighting  Plants  ^  67 

Round  Pipe  Flanges  67a 

Voltage  and  Capacity  Ratings,  Isolated  Electric  Lighting 

Plants 

The  Stationary  Engine  and  Lighting  Plant  Division 
recommended  that  the  nominal  voltage  of  82  for  the  5-kw. 
normal  generator  rating  in  the  present  S.  A.  E.  Recom- 
mended Practice  for  Voltage  and  Capacity  Ratings  of 
Isolated  Electric  Lighting  Plants,  page  67,  S.  A.  E.  Hand- 
book, Vol.  I,  should  be  omitted.  The  Division  does  not 
believe  that  the  32-volt  rating  should  be  omitted  from 
the  3-kw.  size,  as  it  is  used  frequently  for  motion-picture 
operation. 

VOLTAGE  AND  CAPACITY  RATINGS 


kw. 

»Naiiii]ialVolto|t 

KnciMMidGtaiNntor 
Spaed,  r.pjii. 

«.«.1.1K.2.S 

12  or  in 

1.200or  1,800 

6 

110 

LSOOor  1.800 

^'Sixteen  cells  for  32-volt  and  fifty-six  cells  for  110-volt  lead 
batteries. 

Cast-Iron  Carbureter  Flanges 

The  Division  recommended  for  adoption  as  S.  A.  E. 
Recommended  Practice  that  flanges  for  cast-iron  carbu- 
reters be  specified  as  the  next  larger  size  for  each  nom- 
inal diameter  of  opening  given  in  the  S.  A.  E.  Standard 
for  Carbureter  Flanges,  pages  35  and  35xa,  S.  A.  E. 
Handbook,  Vol.  I. 
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Tire  and  Rim  Division 
(Report  as  adopted  by   the  Society) 

Pneumatic   Tires  for  Passenger  Cars  and  Commercial 

Vehicles 

The  Tire  and  Rim  Division  has  recommended  that  the 
33x4V2  and  the  34x5-in.  pneumatic  tire  sizes  be  included 
in  the  list  of  S.  A.  E.  Standard  regular  sizes  tp  meet  the 
growing  demand  for  24-in.  wheels  with  4y2  and  5-in. 
tires. 

At  the  meeting  of  the  Joint  Executive  Committee  of 
the  Pneumatic  and  Solid  Tire  Divisions  of- the  Rubber 
Association  of  ^^^merica  on  Nov.  26,  1919,  the  insertion  of 
the  34  X  5-in.  size  was  approved.  At  the  time  of  writing 
this  report  the  33  x  4%  and  42  x  9-in.  sizes  are  scheduled 
for  consideration  and  approval  at  the  next  meeting  of 
the  Committee  of  the  Rubber  Association. 

The  Executive  Committee  of  the  Tire  and  Rim  Associ- 
ation at  its  meeting  on  Dec.  10,  1919,  approved  the  addi- 
tion of  the  33  X  4^  and  34  x  5-in.  sizes  and  agreed  upon 
the  dimensions  for  the  42  x  9-in.  rim. 

The  addition  to  the  S.  A.  E.  Standard  of  the  44  x  10-in. 
size  will  be  considered  by  the  1920  Tire  and  Rim  Division 
of  the  Standards  Committee  to  Complete  the  list  of  regular 
and  oversize  tires  in  the  Standard  lineup.  The  present 
S.  A.  E.  Recommended  Practice  for  the  carrying  capacity 
and  inflation  pressure  of  the  9  and  10-in.  tires  is  printed 
on  page  8h,  S.  A.  E.  Handbook,  Vol.  I.  All  sizes  are  for 
straight-side  rims. 


Noimf  AL  Tarn  ahd  Rm  Sm 

OVERSBB  TiRI 

Trai  SiAT  DiAM.  (Rim) 

In. 

Mm. 

In. 

Mm. 

In. 

Mm. 

.83x44 

34x5 
•40x8 

42x9 

120/010 
135/010 
200/610 
225/610 

34x5 
36x6 
42x9 

135/610 
150/610 
225/610 

24 
24 
24 
24 

610 
610 
610 
610 

•The  40x8-in.  tire  la  already  standard  for  regular  equipment,  but  ia  submitted  for  approv  .1 
of  the  42x9-in.  tire  as  overaiie  equipment. 

Pneumatic  Tires  for  Motorcycles 

The  recommended  practice  for  pneumatic  tire  sizes 
adopted  by  the  Society  two  years  ago  was  2%  and  2V2 
in.  for  the  BB  rim  section  and  2%  and  3  in.  for  the  CC 
rim  section.    As  a  result  of  the  experience  of  the  Motor 
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Transport  Corps  here  and  in  France  with  motorcycle 
transportation,  and  owing  to  the  tendency  in  commer* 
cial  motorcycle  practice  being  toward  heavyweight 
machines  the  Tire  and  Rim  Division  has  carefully 
reviewed  the  subject.  The  motorcycle  and  tire  manu- 
facturers were  canvassed  to  obtain  the  necessary  data 
for  suitable  revision  of  the  recommended  practice.  Gen- 
eral opinion  among  motorcycle  manufacturers  is  that 
tires  should  not  be  smaller  than  3  in.  as  tires  under  this 
size  have  neither  the  capacity  nor  wearing  qualities  neces- 
sary for  the  heavy  machines  built  to-day.  The  recom- 
mendation of  a  29  X  3V^-in.  tire  has  been  considered,  but 
the  main  objection  from  the  motorcycle  manufacturers 
seems  to  be  that  this  size  tire  interferes  with  the  forks 
and  mudguards  of  the  machine  unless  extensive  changes 
are  made  in  the  motorcycle  design,  to  which  they  are 
unfavorably  inclined. 

The  members  of  the  Division  believe  that  a  definite 
schedule  of  motorcycle  tire  sizes  should  be  adopted,  and 
have  recommended  the  following  tire  sizes  for  adoption 
as  S.  A.  E.  Recommended  Practice,  all  sizes  to  be  used 
on  the  CC  rim  section : 


TnaBBv 

Maximtm  Load 

Cotaasrormma  iRFLAnoN 
PBaasma 

In. 

Mm. 

Lb.  per  Tire 

Kg.  per  Tire 

Lb.  per  8q.  In. 

Kg.  per  So.  Cm. 

28i3 
SflkS 

75/610 
90/610 
76/560 

325 
400 
325 

147.5 
181.4 
147.5   . 

40 
45 
40 

2.81 
8.10 
2.81 

The  nuurimum  loedi  and  eorresponding  infletion 
ire  printed  on  page  8h.  S.  A.  B.  Handbook,  Vol. 
Then 


ipreamires 


are  already  S.  A.  E.  Standard  and 


le  present  reoommendod  praetioe  for  the  28x3  wheel  rim  and  ladng  of  tpokee  is  printed  on 
pact  ft-U  S.  A.  E.  Handbook.  Yd.  I. 

Solid  Tire  Sizes 

With  the  advent  of  trailers  and  semi-trailers  as  an 
important  factor  in  the  automotive  industry,  there  is 
also  a  demand  for  adequate  tire  standards  for  this  type 
of  vehicle.  The  Tire  and  Rim  Division  is  of  the  opinion 
that  it  is  unnecessary  to  have  a  separate  standard  for 
trailer  tires  as  the  present  standard  for  pneumatic  tires 
is  considered  adequate,  but  it  is  considered  desirable 
and  the  Division  has  recommended  that  the  following 
solid  tire  sizes  be  included  in  the  present  S.  A.  E.  Stand- 
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ard  for  Solid  Tire  Sizes,  page  8bb,  S.  A.  E.  Handbook, 
Vol.  I. 

The  Solid  Tire  Manufacturers'  Division  of  the  Rubber 
Association  of  America  voted  to  incorporate  the  proposed 
sizes  in  the  list  of  standard  solid  tire  sizes  at  the  meeting 
on  Sept.  24,  1919. 


SOLID  TIRE  SIZES 

In. 

Mm. 

Mi8 
S4z6 

76/761 
150/711 
175/711 

Solid  Tire  Sections 

It  is  recommended  by  the  Tire  and  Rim  Division  that 
the  present  S.  A.  E.  Standard  for  Solid  Tire  Sections  be 
completed  by  inserting  the  area  of  5  sq.  in.  for  the 
3-in.  tire  size.  A  canvass  of  the  entire  industry  indi- 
cated almost  unanimous  approval  of  this  area  for  the 
3-in.  size.  Since  the  sectional  rubber  area  should  be 
expressed  either  with  an  allowable  tolerance  or  as  a 
minimum  it  is  the  consensus  of  opinion  that  the  column 
in  the  printed  standard  should  have  the  heading,  "Mini- 
mum Total  Sectional  Area  of  Rubber,  Sq.  In.'' 

Rim  Sections  and  Contours  for  Pneumatic  Tires 
(Correction) 

In  the  cut  for  the  clincher  rim  section,  page  8ha, 
S.  A.  E.  Handbook,  Vol.  I,  the  0.55-in.  radius  is  indi- 
cated as  being  to  the  outside  of  the  rim,  whereas  it 
should  be  to  the  inside  of  the  rim.  It  is  therefore  rec- 
ommended by  the  Division  that  the  present  S.  A.  E. 
Standard  for  Rim  Sections  and  Contours  for  Pneumatic 
Tires  be  corrected  accordingly.  This  corresponds  with 
the  corrected  Tire  and  Rim  Association  record. 

H A >f 


'Diam.D. 


Digitized 


by  Google 


TIRE  AND  RIM  DIVISION   REPORT  63 

Rim  Sections  and  Contours  for  Pneumatic  Tires 
(Extension) 

The  present  S.  A.  E.  Standard,  padres  8ha  and  8hb, 
S.  A.  E.  Handbook,  Vol.  I,  does  not  include  a  5-in.  rim 
section.  The  dimensions  given  in  the  accompanying  iDos- 
tration  have  been  worked  out  and  adopted  by  tihe  Tire 
and  Rim  Association  and  are  presented  above  for  adop- 
tion as  S.  A.  E.  Standard. 


^  CASTS' 


-T-: 


Nominal  tire  and  rim  size:  S4  x  6  in. 
Type  of  rim:  straiRht-aide. 
Rim  diameter:  24  in. 
Rim  circumference:  76.S98  i;^  0.047  in. 
^Tolerances:  plus  or* minus  i).047  in. 
tTolerances:  plus  O.OSl  In.,  minus  0.000. 

6-lN.  Pnvdmatic  Tirb  Rim  Contour 

Bolt  Equipment  for  SolidrTire  Side  Flanges 

The  Tire  and  Rim  Division  recommends  that  the  pres- 
ent S.  A.  E.  Standard  for  Bolt  Equipment  for  Solid-Tire 
Side  Flanges,  page  8xb,  S.  A.  E.  Handbook,  Vol.  I,  be 
revised  to  include  the  32,  84,  86  and  40-in.  tire  sizes 
only,  thus  eliminating  the  non-standard  SO,  88  and  42-in. 
solid  tire  sizes. 

Wood  Spoke  Dimensions  for  Commercial  Vehicle  Wheels 

The  Tire  and  Rim  Division  has  recommended  that  di- 
mension D  in  the  illustration  for  wood-spoke  dimensions 
for  commercial  vehicle  wheels,  page  8-o,  S.  A.  E.  Hand- 
book, Vol.  I,  and  letter  D  in  the  heading  for  the  column 
for  the  nominal  spoke  size  be  omitted.  The  dimensions 
for  D  (unfinished  thickness  of  spoke  between  flanges)  are 
not  pertinent  to  the  present  standard. 

Tractor  Division 

{Report  as  adopted   by   the  Society) 
Tractor  Belt  Speeds 

One  of  the  first  tractor  standards  adopted  by  the 
Society^  over  two  years  ago  was  the  belt-speed  standard 
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of  2600  ft.  per  min.  As  there  was  little  uniformity 
of  practice  at  that  time,  it  was  felt  that  not  much  more 
could  be  accomplished.  Over  a  year  ago  there  was  evi- 
dence of  a  strong  desire  for  adequate  standardization 
owing  to  rapid  development  of  the  tractor  industry  and 
the  relation  between  factors  affecting  design,  marketing, 
operation  and  maintenance  common  to  both  agricultural 
implements  arid  tractors.  In  February,  1919,  a  Sub- 
division of  the  Tractor  Division  was  appointed  which 
has  made  a  very  careful  and  detailed  canvass  of  the 
tractor,  stationary  engine  and  implement  manufactur- 
ers to  ascertain  present  practice  and  to  bring  the  indus- 
tries into  agreement  on  an  adequate  and  acceptable 
standard. 

It  was  obvious  that  the  most  desirable  solution  of  the 
problem  would  be  one  standard  belt  speed,  but  it  was 
also  obvious  that  this  would  not  be  practical  or  satis- 
factory for  a  number  of  reasons.  A  large  thresher 
having  a  cylinder  speed  of  1200  r.p.m.  must  have  a  drive 
pulley  of  10  to  12  in.  in  diameter  to  have  sufficient  belt 
contact  to  transmit  the  required  power.  Consequently  a 
belt  speed  of  3400  to  3500  ft.  per  min.  is  necessary  for 
this  class  of  equipment.  A  small  thresher  with  cylinder 
speeds  reduced  to  800  or  900  r.p.m.  for  threshing  rice  or 
to  avoid  cracking  grain  or  similar  products  could  not  be 
equipped  with  a  drive  pulley  large  enough  for  this  high 
belt  speed  on  account  of  the  widening  out  of  the  separator 
directly  to  the  rear  of  the  cylinder.  Many  power-operated 
farm  implements  such  as  feed  grinders,  ensilage  cutters, 
shredders,  small  and  medium-sized  engines,  etc.,  cannot 
for  many  reasons  be  equipped  with  pulleys  large  enough 
for  this  high  belt  speed. 

The  intention  of  the  Subdivision  was  originally  to 
propose  two  or  possibly  three  belt  speeds,  but  a  careful 
analysis  of  the  mass  of  data  obtained  warranted  the  con- 
clusion that  it  would  not  be  possible  or  practical  to  pro- 
pose less  than  four  belt  speeds.  In  present  practice  there 
are  from  ten  to  fifteen  different  belt  speeds  being  used  by 
tractor  ^nd  agricultural  implement  manufacturers  and  it 
is  evideii'  thar  ^  reduction  of  this  number  of  belt  speeds 
to  a  standard  of  four  speeds  is  very  desirable. 

'^he  proposed  plan  of  standardization  does  not  contem- 
plate four  t.tandards  for  every  size  of  tractor,  but  it  is 
believed  will  be  applicable  somewhat  as  follows : 

(1)  A  belt  speed  of  1500  ft.  per  min.  is  the  present 
standard  for  stationary  engine  work,  and  if  used  at 
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all  on  tractors  would  be  confined  to  the  very  small- 
est sizes 

(2)  Belt  speeds  of  2000  and  2600  ft.  per  min.  would  be 
applicable  on  tractors  in  the  two-plow  or  8-16,  9-18 
and  10-20-hp.  classes 

(3)  Belt  speeds  of  2600  and  3000  ft.  per  min.  would  be 
applicable  on  tractors  of  the  10-20, 12-25  and  15-27- 
hp.  and  three-plow  classes 

(4)  Belt  speeds  of  8000  and  3500  ft.  per  min.  would  be 
applicable  on  tractors  of  the  largest  sizes 

It  is  believed  that  the  proposed  plan  of  standardiza- 
tion will  reduce  the  pulley  requirements  for  power-driven 
farm  equipment  to  not  more  than  two  or  perhaps  three 
different  sizes  of  pulleys  for  each  machine  and  to  possi- 
bly not  more  than  two  belt  speeds  for  each  size  of  tractor. 

E.  A.  Johnston,  chairman  of  the  Subdivision  on  Belt. 
Speeds,  reported  on  Oct.  31, 1919,  substantially  as  follows : 

RSPORT  OF  SUBDIVISION  ON  BELT  SPBBD3 

In  the  endeavor  to  arrive  at  a  series  of  standard  belt  speeds  for 
power-driven  farm  machinery,  a  very  thorough  analysis  of  avail- 
able information  was  made  by -the  Subdivision.  A  brief  summary- 
of  the  procedure  will  be  of  value  in  considering  the  recommenda- 
tions proposed  for  adoption. 

Machinery  Considered  The  farm  power-driven  machine  groups 
considered  were: 

Tractors  Com   Shellers 

Threshers  Com  Huskers 

Feed  Orinders  Hay  Presses 

Ensilage  Cutters  Stationary   Engines    (small) 

Prevailinp  Belt  Speeds  Each  of  the  above  groups  was  analysed 
In  a  number  of  ways.  The  controlling  factors  for  the  standard  and 
special  pulley  sizes  and  speeds  for  these  machines  are: 

Consideration  of  space,  power  and  revolutions  per  min- 
ute required  for  clutch  and  plain  pulleys  for  both  power- 
driven  and  power-driving  equipment  with  respect  to  design. 

Meeting  speed  requirements  when  receiving  power  from 
a  variety  of  power-driving  equipment,  for  both  stationary 
engines  and  tractors,   by  clutch   and   plain  pulleys. 

Meeting  speed  requirements  of  the  product  operated  upon 
by  the  power-driven  equipment. 

Consideration  of  Complexity  Consideration  was  given  to  the 
difficulties  involved  in  the  adoption  of  standard  belt  speeds.  It  Is 
evident  tliat  it  is  more  expensive  to  meet  changes  in  clutch  and 
plain  pulley  sizes  controlling  belt  speeds  in  the  tractor  group  than 
in  any  other  group.  In  the  thresher  group  changes  involve  slip- 
page and  interference  more  than  in  any  other  group. 

Simple  belt  speed  or  pulley  changes  can  be  more  readily  and  less 
expensively  made  in  the  last  five  groups.  Due  emphasis  has 
therefore  been  given  this  ph^se  in  selecting  the  limited  number  of 
belt  speeds  recommended.  The  experience  and  volume  of  output 
of  the  various  makers  of  equipment  has  also  been  duly  weighed. 
With  these  ideas  In  view  each  group  of  machines  was  reviewed 
by  plotting  belt  speeds  against  horsepower,  belt  speeds  against 
pulley  sizes,  pulley  sizes  and  widths  against  horsepower  transmit- 
ted, and  belt  speeds  against  machine  sizes.  From  these  tabulated 
data  the  accompanying  chart  on  belt  speeds  was  made. 

In  interpreting  the  chart,  line  one  shows  the  four  recommended 
speeds  of  1600/  2600.  3000  and  3500  ft  per  min.     As  engines  do  not 
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always  run  at  the  exact  speed  and  as  power-driven  machines  will 
operate  well  at  reasonable  variations  from  these  definite  speeds,  as 
shown  by  questionnaire  answers,  lines  two  and  three  were  plotted 
with  6  and  7  per  cent  variations  above  and  below  the  recommended 
speeds.  It  will  be  noted  that  the  three  higher  belt  speeds  thus 
form  an  almost  continuous  series  of  speeds  without  overlapping. 

Lines  four  to  ten  represent  the  massed  speeds  obtaining  In  present 
practice,  thus  eliminating  the  scattered  speeds  used  as  the  result 
of  Inezperienoe,  unsuitable  designs  or  special  requirements.  It  will 
be  seen  that  mass  speeds  in  feet  per  minute  of  the  several  groups 
of  machines  range  as  follows: 

Tractors  2100  to  S160 

Threshers  1250  to  1660,  2000  to  S460 

Feed   Grinders  1400  to  2800 

Ensilage    Cutters        1800  to  1850.  2000  to  2625 
Com    Huskers  2040  to  2100,  2850  to  2600 

Corn   Shellers  2075  to  2100,  2300  to  2600 

Hay  Presses  1680  to  1840,  2000  to  2600 

There  might  be  some  question  as  to  why  2000  ft.  per  min.  was  not 
included  in  the  recommendation,  especially  since  there  are  so  many 
machines  operating  at  or  n^ar  this  speed.  From  the  chart  it  will 
be  seen  that  2000  ft  per  min.  is  the  lower  limit  for  the  higher 
series  of  speeds,  that  the  average  is  about  2400  ft.  per  min..  but 
that  tractors  and  threshers  average  about  2600  ft.  per  min.  It 
seemed  advisable  therefore  to  select  2600  instead  of  2400  ft.  per 
min. 

There  were  40  replies  to  the  110  questionnaires  sent  out  or  36.3 
per   cent. 

The  replies  were  quite  unanimous  in  approving  the  speeds  selected 
as  shown  by  the  following  percentages,  counting  only  those  who 
gave  positive  answers  or  indicated  that  they  would  adopt  the 
speeds  recommended. 

Replies 
Speed.         Total  Number    Approving 
ft.  per  min.       of  Replies      of  Speeds  Per  Cent 

1.600  89  87  97.6 

2.600  40  89  97.6 

8.000  40  89  97.5 

8,600  40  88  95.0 

Those  suggesting  additional  speeds  were  6  out  of  the  40  or  16 
per  cent,  as  follows: 

One  for  8260  ft.  per  min.  for  threshers 

Two  for  8200  ft.  per  min.  for  tractors  and  ensilage  cutters 

One  for  2000  ft  per  min.  to  meet  present  practice  and  ensi- 
lage cutters 

One  for  2000  ft  per  min.  because  range  of  1500  to  2600  ft 
per  min.  is  too  great 

One  for  slow  speeds  for  pumps  and  cream  separators 

As  to  which  speeds  could  be  left  out,  the  answers  were  rather 
from  the  view  of  their  individual  product 
Speed  to  be  Total  Replies 

Omitted  ft  Number        in  Favor 

per  min.  of  Replies    of  Omission        Per  Cent 

1.500                     40                       6  12.5 

2.600                      40                        1  2.6 

8.000                      40                        2  6.0 

8.500                      40                        7  17.6 

As  to  the  probable  reduction  possible  in  the  number  of  stock 
pulley  sizes,  as  a  result  of  standardizing  on  the  proposed  belt 
speeds,  the  answers  indicated  the  following: 

Present  Number    Probable  Number  Reduction 

in 
Per  Cent 
80 
60 
60 
68 
98 
40 
40 
78 


of 

of 

Pulley  Sizes 

Pulley  Sizes 

16 

3 

80 

15 

10 

4 

28 

9 

14 

1 

15 

9 

833 

133 

66 

15 
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Belt  widths  recommended  were 
4  in.  for  small  ensilagre  cutters 

6  in.  for  feed  grrlnders  and  ensilage  cutters 

7  in.  for  ensilage  cutters 

8  in.    for   ensilage   cutters,    feed   grinders,    hay    presses    and 

com  shelters 

The  replies  were  almost  unanimous  in  approving  the  series  of 
belt  widths  proposed,  28  out  of  29  or  96.5  per  cent  being  in  favor 
of  adopting  them. 

As  to  the  possible  variation  allowable  in  the  belt  speed,  the  re* 
plies  varied  in  accordance  with  the  type  of  machine  and  the  prod- 
uct Replies  indicated  that  from  minus  10  to  plus  80  per  cent  of 
their  rated  speeds  were  allowable  variations.  The  mass  data 
varied  between  minus  5  and  plus  15  per  cent.  This  supported  the 
assumption  of  7  per  cent  plus  or  minus  allowable  variation  in  deter- 
mining the  belt  speeds. 

Replies  unanimously  favored  the  adoption  of  a  series  of  standard 
speeds. 

In  reply  to  the  question  regarding  any  special  conditions  that 
could  not  be  covered  by  the  proposed  belt  speeds,  there  was  but 
one  answer  dealing  with  very  low  speeds  in  the  low-powered  ma- 
chines, which  are  really  outside  the  transmitted  horsepower  con- 
sidered in  this  report. 

ConclvMon    It  is  therefore  recomihended  by  the  Subdivision 

That  a  minimum  series  of  belt  speeds  for  farm  power-driving 
and  power-driven  machines  be  adopted  as  standard. 

That,  owing  to  the  variety  of  requirements  and  the  present  wide 
range  of  belt  speeds,  future  designs  of  machines  and  equipment  be 
made  to  conform  to  the  recommended  minimum  number  of  belt 
speeds. 

That  in  so  far  as  possible  present  farm  power  machines  be 
regularly  equipped  with  pulleys  to  meet  these  standard  speeds. 

That  1500,  2600,  3000  and  3500  ft.  per  min.  be  regularly  adopted 
as  standard  belt  speeds  covering  the  principal  line  of  farm  power- 
driving  and  power-driven  machines  of  10  hp.  and  over. 

That  the  general  large  reduction  in  repair  stocks,  obsolete  sizes 
required  of  manufacturers  and  the  smaller  variety  of  replacement 
parts  required  by  users  will  effect  a  considerable  saving  to  all 
concerned. 

That  the  adoption  of  the  proposed  belt  speeds  need  not  cause 
any  given  manufacturer  to  discard  speeds  and  pulley  sizes  either 
desirable  or  necessary  to  his  trade  but  that  such  cases  be  con- 
sidered as  special. 

That  standard  belt  widths  of  4,  6,  7  and  8  in.  be  adopted. 

On  Nov.  7,  1919,  there  was  a  meeting  in  the  offices  of 
the  National  Implement  and  Vehicle  Association  at  v^hich 
there  were  representatives  of  the  Tractor  and  Thresher 
Division  of  that  Association,  the  Society  of  Agricultural 
Engineers,  E.  A.  Johnston,  chairman  of  the  S.  A.  E. 
Tractor  Subdivision  on  Belt  Speeds  and  other  unofficial 
S.  A.  E.  representatives.  Mr.  Johnston's  rei)ort  on  belt 
speeds  was  discussed  and  a  resolution  voted  unanimously 
to  recommend  to  their  respective  Societies  that  the  belt 
speeds  proposed  by  Mr.  Johnston  be  adopted  as  stand- 
ard. 

However,  upon  later  recommendation  of  the  Tractor 
and  Thresher  Division  of  the  National  Implement  and 
Vehicle  Association,  belt  speeds  of  2000  and  3250  ft.  per 
min.  were  added  to  the  proposal  as  being  favored  by  the 
tractor  manufacturers  in  that  Association.  The  extended 
proposal  has  been  submitted  to  the  members  of  the  Asso- 
ciation interested  in  power  equipment,  but  no  action  will 


Digitized 


by  Google 


TRACTOR  DIVISION   REPORT  69 

be  taken  by  that  organization  until  the  speeds  are  adopted 
by  the  Society  or  the  American  Society  of  Agricultural 
Engineers. 

If  it  seems  advisable  later  on  to  add  another  belt  speed 
or  otherwise  revise  the  standard,  the  subject  can  be  pre- 
sented again  to  the  Standards  Committee  and  the  Society 
for  consideration. 

The  Tractor  Division  has  therefore  recommended  for 
adoption  as  S.  A.  E.  Standard  belt  speeds  of  1500,  2600, 
3000  and  3500  ft.  per  min.  for  farm  power-driving  and 
power-driven  machines  of  10  hp.  and  over  as  reported  by 
the  Subdivision. 

Tractor  Belt  and  Pulley  Widths 

The  tractor  belt  and  pulley  width  standard  adopted 
by  the  Society  in  August,  1918,  was  not  completed  at  that 
time  as  there  was  uncertainty  as  to  what  belt  width  was 
most  desirable  for  transmitting  over  30  hp.  As  belt 
widths  are  an  important  factor  in  determining  belt 
speeds  the  report  of  the  Subdivision  includes  belt  widths, 
and  the  Tractor  Division  has  recommended  that  the  pres- 
ent S.  A.  E.  Standard  for  belt  widths  be  revised  to  con- 
form to  the  following  proposal: 

TRACTOR  BELT  AND  PULLEY  WIDTHS 

Horsepower  Pulley  Width,  Maximum  Belt  Widtha, 

in.  in. 

10  to  20  iVj   or  6%  4  or  6 

20  to  80  7^  7 

Above  30  8Vf  8 

Truck  Standards  Division 
{Report  as  adopted  by  the  Society) 
Approval  of  Existing  Standards     ' 

The  Truck  Standards  Division  has  reviewed  the  pres- 
ent S.  A.  E.  Standards  and  Recommended  Practices  and 
recommends  the  following  as  suitable  for  commercial  ve- 
hicle practice.  Other  present  S.  A.  E.  Standards  and 
Recommended  Practices  are  referred  to  their  respective 
Divisions  for  modification  or  extension  to  adequately 
answer  requirements. 

Data  Sheet 
Adjustable  Yoke  Rods-Ends  1 

Plain  Yoke  Rod-Ends  la 

Eye  Rod-Ends  2 

Rod-End  Pins  2a 

Cotter  Pins  2b 
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Data  Sheet 
8 


Spark-Plusr  Shells 

Nuts  for  Machine  Screws 

Screws  and  Bolts 

Screw  Threads 

Lock  Washers 

Square  Broached  Fittings 

6-Spline  Fittings 

10-Spline  Fittings 

4-Spline  Fittings 

Taper  Fittings  with  Castle    Nuts 

Solid  Tire  and  Wheel  Diameters,  Wheel 

Circumferences 
Measuring  of  Solid  Tire  Widths 
Section  Dimensions  of  Single  and  Dual 

Solid  Tire  Wheels 
Allowable  Tolerances  in  Felloe  Bands 
Bolt  Equipment  for  Solid  Tire  Side 

Flanges 
Edges  of  Felloe  Bands 
Pneumatic  Tires  and  Rims  for  Commercial 

Vehicles 
Solid  Tire  Demountable  Rim  Equipment 

for  Trucks  8i,  8j 

Steel  Specifications  9, 9a»  9b,  9c,  9d 


Sc 

4,4a 
4c 
6 
7 

7b 
7c 
7d 
7e 

8 
8 

8a 
8a 

Sxb 
8xb 

8g 


Valve  Metals 

10 

Babbitt  Metal 

11 

Bearinjr  Metals 

11 

Brass  Castinsr  Metals 

12 

Cast  Manganese  Bronze 

12a 

Manganese  Bronze  Sheets  and  Rods 

12b,  12c 

Hard  Cast  Bronze 

12d 

Gear  fironze 

12d 

Aluminum  Alloys 

IS 

Brass  Sheets  and  Strips 

13a 

Brass  Rods 

ISb 

Tobin  Bronze  Rods 

13b 

Non-Ferrous  Metal  Tubing 

13c 

Pitch  of  Silent  Chains 

14b 

Width  of  Silent  Chains 

14b 

Nomenclature  of  Roller-Chain  Parts 

14c 

Roller-Chain  Dimensions 

14c 

Round  Tension  Test-Specimen 

15 

Flat  Tension  Test-Specimen 

15xa 

Flat  Tension  Test-Specimen 

15a 

Shock  Teet-Specimen 

16xb 
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Data  Sheet 

Gray  Iron  Test-Specimen  15b,  16c 

Brinell  Hardness  Test  15xd 

Ck)ld-Drawn  Seamless  Steel  Tubes  16 

Steel  Bands  and  Strips  17 

Brake  Linings  26c 

Annular  Ball  Bearing,  Light  Series  29 

Annular  Ball  Bearings,  Medium  Series  29a 

Annular  Ball  Bearings,  Heavy  Series  29b 

Annular  Ball  Bearings,   Tolerances  29c 
Annular  Ball  Bearings,  Separable  (Open) 

Type  29ca 
Annular  Ball  Bearings,  Extra  Small 

Series  29cb 

Annular  Ball  Bearings  29cc 
Roller  Bearings                                        29d,29e 
Thrust  Ball  Bearings — Steering 

Knuckle  Type  29f 
Flat-Face  Thrust  Ball  Bearings, 

Light  Series  29g 
Flat-Face  Thrust  Ball  Bearings,  Medium 

Series  29h 
Self-Aligning  Thrust  Ball  Bearings, 

Light  Series  29i 
Self-Aligning  Thrust  Ball  Bearings, 

Medium  Series  29j 
Thrust  Ball  Bearing  Tolerances 

29k,  29-1, 29m,  29n 

Fan  Belt  and  Pulley  Widths  30 

Disk-Clutch  Flywheel  Housings  31 

Cone-Clutch  Flywheel  Housings  31a 

Engine  Support  Arms — Truck  81b 

Poppet  Valves  82 

Carbureter  Flanges  85 

Large  Carbureter  Flanges  35xa 

Flared  Tube  Carbureter  Unions  35a 

Flared  Tube  Carbureter  Ells  and  Tees  35b 

Carbureter  Throttle-Levers  86b 

Carbureter  Throttle-Lever  Throw  35d 

Flexible  Metal  Tubing  86d 
Magneto  Dimensions                                 86, 86xa 

Ignition  Distributor  Mounting  36b 

Bracket  Mounting  for  Generators  86xc 

Generator  Shaft-End  for  Coupling  Drive  86xc 

Flange  Mountings  for  Generators  86c 

Flange  Mountings  for  Starting  Motors  36d 
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Data  Sheet 

Non-Magnetic  Magneto  Shims  86db 

Gable  Terminals  for  Starting  Motors  36e 

Gables  for  Starting  Motors  S6e 

Starting  Motor  Pinion  36e 

Starting  Switch  Location  36e 

Thermostat  Gonneetions  87 

Glamps  and  Fittings  for  Rubber  Hose  37 
Electric  Bulbs  for  Ground-Return 

Systems  «  38 

Electric  Bulbs  for  Insulated-Return 

Systems  88xa 

Electric  Incandescent  Lamp  Voltage  88a 

Bulb  Sizes  38a 

Focusing  Length  of  Incandescent  Lamps  88a 

Tail-Lamp  Glasses  88a 

Head-Lamp  Socket,   Focusing  88a 

Head-Lamp  Reflectors  88b 
Head-Lamp  Nomenclature                38c,  38a,  88cb 

Head-Lamp  Lighting  Nomenclature  88d 

License  Plates  and  Brackets  89 

Location  of  Numbers  40 

Weight  of  Gar  40 

Three-Speed  Gearshift  Positions  46' 
Four-Speed  Gearshift  Positions  for 

Motor  Trucks  46a 

Motor  Truck  Gontrol-Levers  46b 

Oversize  Gylinders  47 

Piston-Ring  Grooves  47a,  47b 

Instructions  for  the  Installation  and  Gare 

of   Storage   Batteries   used   in   Gon- 

nection   with   Electric    Starting   and 

Lighting    Systems    on    Automobiles 

48,  48a,  48b 
Storage  Battery  Terminal  Posts  48xc 
Posts  for  Small  Gells  48xc 
Storage  Battery  Gompartment  48xc 
Insulation     Requirements     of     Electrical 
Apparatus  after  Installation  on  Gaso- 
line Automobiles  48c 
Ratings  of  Lead  Batteries  for  Lighting 
and     for     Gombined    Lighting    and 
Starting  Service  on  Gasoline   Auto- 
mobiles 48d 
Addition  of  Electrical  Appliances  to  Gaso- 
line Automobiles  48d 
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Data  Sheet 

Specifications  for  Ground  Return  Electri- 
cal  Installations   on   Gasoline   Auto- 
mobiles 48d,  48e,  48f ,  48fir 
Temperature  Test  of  Insulating  Materials 
of  Electrical  Apparatus  on  Gasoline 
Automobiles  48g 
Fuse  Dimensions  for  Electrical  Installa- 
tion oif  Gasoline  Automobiles  48h 
Insulated  Cable  for  Gasoline  Cars 

48i,  48j,  48k,  48-1,  48m 
Flexible  Steel  Tubing  for  Automobile 

Electric  Wiring  48n,  48-o 

LfCaf  Spring  Nomenclature  49, 49xa 

Leaf  Point  Nomenclature  49a 

Finish  of  Springs  49a 

Leaf  Points  49a 

Center  Bolts  49b 

Rebound  Clips,  Spacers  and  Bolts  49c 

Frame  Brackets  49e 

Offset  and  Resulting  Ends  49f 

Leaf  Spring  Specifications  49i  to  49t 

Four-Wheel  Trailer  Hitches 

This  subject  was  suggested  for  standardization  by 
trailer  manufacturers  who  appreciate  the  economic  value 
of  having  all  trucks  and  trailers  interchangeable.  Data, 
obtained  from  truck  and  trailer  manufacturers  showing 
present  trailer  hitch  practice,  were  reviewed  by  a  Sub- 
division acting  in  cooperation  with  a  special  committee 
appointed  by  the  Trailer  Manufacturers  Association  and 
a  tentative  report  was  made.  The  report  was  then  sent 
to  truck  and  trailer  manufacturers  and  their  comments 
obtained.  These  together  with  the  report  were  reviewed 
by  the  Truck  Standards  Division  and  as  the  comments 
indicated  that  the  U.  S.  Government  pintle  hook  was 
used  to  a  large  extent  the  report  was  revised  to  permit 
its  use. 

It  is  not  considered  desirable  to  give  a  fixed  dimen- 
sion from  the  axis  of  the  drawbar  head  to  the  ground 
because  present  truck  frame  heights  are  approximately 
the  same  within  required  limits.  Lost  motion  between 
the  eye  and  the  drawbar  head  should  be  kept  as  small 
as  possible  to  prevent  the  swaying  of  trailers  in  opera- 
tion. 
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Dimensions  for  Proposbd  Traiuer  E^rs. 

The  Truck  Standards  Division  has  therefore  recom- 
mended for  adoption  as  S.  A.  E.  Recommended  Practice 
the  following  proposal  for  Four-Wheel  Trailer  Hitches. 

A  spring,  mounted  preferably  in  the  drawbar  head," 
shall  be  used  in  the  trailer  hitch  and  may  be  either 
exposed  or  enclosed  as  desired  by  the  manufacturer. 

Provision  shall  be  made  for  chains  or  other  safety 
devices  in  addition  to  the  coupling  link."  A  %-in.  chain 
eye  clevis  with  a  %-in.  bolt  shall  be  provided  for  attach- 
ing a  safety  chain,  the  clevis  to  be  located  directly  under 
the  axis  of  the  drawbar  head  or  as  near  to  this  position 
as  possible.  If  placed  above  the  axis  it  is  likely  to 
interfere  with  operation  of  the  drawbar  head. 

The  axis  of  the  drawbar  head  shall  be  located  both 
vertically  and  horizontally  approximately  in  the  center  of 
the  frame  of  the  chassis. 

The  eye"  for  the  coupling  link  shall  conform  with  the 
dimensions  given  in  the  accompanying  drawing. 

The  drawbar-head  hook  shall  be  made  so  as  to  take  the 
recommended  size  of  eye. 

The  coupling  link  shall  carry  the  eye,  but  when  no 
coupling  link  is  used  the  eye  shall  be  mounted  on  the 
trailer  head.**  The  eye  shall  be  free  to  rotate  so  that  it 
can  be  placed  in  either  a  horizontal  or  vertical  position. 
When  the  drawbar  head  can  be  rotated  the  eye  on  the 


»That  part  which  is  on  the  truck. 

"That  part  which  Is  between  the  truck  and  the  trailer. 
»»Thl8  size  of  eye  will  take  the  U.  S.  Government  pintle  hook. 
"That  part  which  is  on  the  trailer. 
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coupling  link  or  trailer  head  shall  be  locked  so  as  to  pre- 
vent it  from  rotating. 


Attendance  at  Meeting 

The  members  of  the  Standards  Gonmiittee  and  the  So- 
ciety and  the  guests  in  attendance  were: 

Standards  Committee  Members 


Albom,   F.   O. 
Andrew,  F.  W. 
AuU.  J.  J. 
Bachman.  B.  B. 
Baker.  W.   C 
Batt,.W.  L. 
Bauder,  Paul  F. 
Bijur,   Joseph 
Blaclc   ArchilMLld 
Blair,  R  H.- 
Bott.  George  R. 
Bradley,  C.  I. 
Brautl^an,  H.   H.' 
Broege,  R.  J. 
Brumbaugh,    A.    K. 
Burnett.  Robert  S. 
Carlton,  C.  C. 
Chambers.    D.   F. 
Chryst,  W.  A. 
Clarkson,  C.  F. 
Coleman.  J.  R. 
Copland,  A.  W. 
Crane.  H.   M. 
Darrow.  Burgess 
DIefendorf.  W.  H. 
DIffln.  F.  G. 
Dudley,  A.   M. 
Bhrman,  R  H. 
Franklin.    C.    B. 
Frets,  B.  8. 
Gilchrist.   C.   F. 
GUllgan.  F.  P. 
Goldsmith,   F.   C. 
Grahanl  waiter  F. 
Gunn,  E.  G. 
Hale,  J.  E. 
Hargraves,  A. 
Harley.  W.  S. 


Hecox,  Major  F.  C. 
Heldt,  P.   M. 
Hess,  S.  P. 
Heywood,  Charles  E. 
Hlnkley,  C.  C. 
Holt,  J.  W. 
Hulse,   E.   O. 
Ickes,   E.   T. 
Kalb,  L.  P. 
KeilholU.  L..  S. 
Keys.  W.  C. 
Knowles,  W.   H. 
Llbby,   A.   D.  T. 
McCleary,  F.   E. 
McKay,   W.   A. 
McMahon,   Harry  R. 
MacGregor,   James  SL 
Manly,   C.   BC. 
Michel,   C.   A. 
Newkirk.  W.  M. 
NorrlSr  G.  L. 
Norton.  W.  T.,  Jr. 
Peterson.  W.  C. 
Pierce,   H.  a 
Sharp.   Dr.   C.   H. 
Snow,   H.   C. 
Splcer,  C.  W. 
Stagg,  H.  J. 
Strickland.  W.  R 
Sweet.   E.   EL 
Thacher.  S.   P. 
Townsend.   R.   A. 
Tubbs,  George  E. 
Tuttle,   J.   C, 
Van   Blerck.  Joseph 
Wall,   W.   G. 
Wells,   R.   E. 
Wood.   H.   F. 


Society  Members  and  Guests 


Almquist.   K. 
Bailey,    Charles   A. 
Bailey.  R  W.  M. 
Bass,  M.  R 
Baumgartner,  W.  J. 
Bell.  John  T.  R 
Benner,  H.  W. 
Braender.  F.  J. 
Breeze,  A.  B. 
Brehmer,.  William 
Brunner.    H.    B. 
Buckingham.    B. 
Busby.   B.   B. 
Call.  C.  A. 
Case,    F.    P. 
Clark,   E.   L.. 
Clark,   Lieut-Col.   V.   E. 
Coleman,  T.   E. 
Crawford*  J.  T. 


Cunningham,   Dr.   R   H. 
Davles,   D.   P. 
Oenyes.    H.    M. 
Deyo,  A.  K. 
Dlamant.   N.   S. 
Dickinson,    Dr.   H.    C. 
Duckworth.   C.    H. 
Edwards.  1.   W. 
Figgie,   H.    K 
Flynn,  Gregory 
Frehse.   A.   w. 
Gage.  V.  R 
Gillmer.  G.  W. 
Godley,   C.   E. 
Gunster.   E.  H. 
Halbleib,  J.  C. 
Harleman,   S.  T. 
Harrison,   O.   L. 
Hawke.   C.  BL 
Heath.  Lu  J. 
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Hoopes,   Russell 
Homer,   L.   S. 
Howell,  J.  Bertram 
Hutchins.  W.  H. 
Jackson,  H.  W. 
Jaschka,  John  H. 
Johnson,  C.   R. 
Jominy,   W.   E. 
Jones,  J.  EL 
Kaiser.  William  L.. 
Kllbom.   K.   B. 
Kllesrath,   V.   W. 
Kononoff,  ;B..  A. 
Kressler,  O. 
Lavery,  Qeorge  L*. 
Laycock,   A.    M. 
Lutes,  H. 
Lryon,  C.  Ia 
McDonald.  A.  J. 
Mclntyre.   M.   M. 
MacDonald,   H.   P. 
MacFarland,    A.   T. 
IfacKenzie,  D. 
Margolin,   Q. 
MoskoviCB,  F.  BL 
Myers,  Cornelius  T. 
Myers,  J.   X*- 
Newbold,   TL   M. 
Nielsen,   V.   A. 
Noffle,   Byron   8. 
Northrup.  L.  M. 
Pack,   Charles 


Pomeroy,  T.  M. 
Qulnn,   C.   J. 
Rheinfrank,  Eugene 
Richards,   J.   D.   F. 
Royce,   A.   C. 
Rugg.   H.   M. 
Sargent,   O.   W. 
Schats,  H.  A. 
Bells,  O.   P. 
Shaffer,  R.  A. 
Shailer,  Robert  A. 
Sivyer,  F.  L. 
Slack,   F.   W. 
Slocum,   Frank   S. 
Smith,    F.    E. 
Sparrow,  S.  W. 
Stem,  M. 

Swift.  William  K. 
Taub,  Alex. 
Tayener.   C.  H.,  Jr. 
Turner,  Albert 
Udy.  I.   V. 
Veal,  C.  B. 
Verity,  C.  ^W. 
Ward,  L.  M. 
Watkin,  L.  M..  Jr. 
White,   H.    S. 
Williams.  L.  W. 
Woodward,  R.  W. 
Young,   Conrad  H. 
Young.    Capt    a.    R 
Young,   O.  W. 
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BUSINESS  SESSION  OF  SOCIETY 
MEETING 


An  unequivocal  success,  the  1920  meeting  of  the  So- 
ciety was  declared  by  the  members  in  general  to  consti- 
tute the  most  valuable  and  edifying  group  of  sessions 
that  has  ever  been  scheduled  in  any  half-year  of  the 
organization.  The  intention  to  make  the  professional 
features  of  broad  practical  value  to  all  engaged  in  the 
various  automotive  engineering  fields  was  excellently 
carried  out.  The  interest  was  closely,  even  tensely,  sus- 
tained, particularly  on  the  morning  and  afternoon  of 
Jan.  8,  when  the  papers  and  discussion  on  fuel  and 
research  were  presented. 

The  novelty  of  showing  from  the  speakers'  platform 
indicator  diagrams  from  an  internal-combustion  engine 
in  operation  was  much  appreciated.  The  engine  was  run 
on  various  fuels  and  other  substances  not  generally  so 
employed.  Moreover,  the  meeting  was  the  occasion  of 
the  first  public  demonstration  of  recently  developed  high- 
speed indicators,  indicator  cards  being  projected  on  a 
screen  to  make  plain  the  pressure  variation  in  the  engine 
with  changing  conditions  of  fuel.  Thomas  Midgley,  Jr., 
narrated  the  steps  that  have  been  taken  in  progress  in 
engine  indicator  work  and  described  the  apparatus  pro- 
duced by  the  company  with  which  he  is  associated.  Dr. 
H.  C.  Dickinson  demonstrated  the  scientific  indicator 
developed  recently  at  the  National  Bureau  of  Standards. 
Illuminating  papers  on  engines,  aluminum  pistons,  steam 
systems,  body  design  and  spring  suspension  were  also 
presented. 

The  meeting  resulted  in  a  better  understanding  of  the 
elements  underlying  the  combustion  of  engine  fuels.  An 
exposition  was  given  of  laboratory  methods  employed  in 
measuring  the  rate  of  fiame  propagation  in  engine  cyl- 
inders and  the  relation  which  this  bears  to  engine  x>er- 
formance.  The  subject  of  mixed  fuels  was  treated 
briefly.  Prof.  0.  C.  Berry  of  Purdue  University  reported 
on  tests  he  had  made  of  wet  and  dry  mixtures.  Major 
G.  E.  A.  Hallett  gave  information  concerning  supercharg- 
ing aeronautic  engines.  6.  A.  Kramer,  who  has  been 
conducting  lubricating  research  work  at  the  Bureau  of 
Standards,  discussed  the  effect  on  oils  in  the  crankcase 
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of  dilution  by  fuel»  and  outlined  methods  of  preventing 
and  minimizing  this  effect. 

In  his  scholarly  address  President  Charles  M.  Manly 
took  as  his  theme  technological  knowledge  as  the  basis  of 
all  industrial  development,  ancient  and  modem,  and 
pointed  to  many  fundamental  facts  well  worth  the  study 
of  the  members. 

Financial  and  Membership  Reports 

The  Treasurer's  Report  for  the  fiscal  year  ended  Sept 
30,  1919,  showed  a  gratifying  condition,  the  net  income 
for  the  period  being  ?49,132.27.  The  income  for  the 
year,  including  dues,  initiation  fees  and  publication, 
advertising  and  miscellaneous  sales,  amounted  to  $215,- 
031.07.  The  operating  cost  for  the  year,  aside  from 
contingencies,  bad  debts  and  depreciation,  aggregating 
$6,281.88,  was  $159,616.92. 

It  was  reported  on  behalf  of  the  Membership  Com- 
mittee that  in  the  last  calendar  year  964  applications  for 
membership  had  been  received,  excluding  affiliate  member 
representatives  and  enrolled  students,  and  that  of  these 
830  or  about  85  per  cent  had  been  approved  and  had 
qualified  as  members.  In  1919,  taking  into  account  resig- 
nations, members  dropped  for  non-payment  of  dues  and 
the  like,  the  net  gain  in  the  Society  membership  was 
688,  or  approximately  19  per  cent.  It  is  considered  that 
the  new  membership  is  of  a  sound  nature  and  constituted 
of  men  of  a  high  average  of  ability  and  standing. 

On  Dec.  1,  1919,  the  total  membership  of  the  Society 
was  4358.  Including  afiiliate  member  representatives 
and  enrolled  students,  but  not  Section  Associates,  there 
were  on  the  rolls  of  the  Society  at  that  date  4549  names. 

Constitutional  Amendments 

The  principal  new  business  that  was  brought  up  at  the 
business  session  of  the  meeting  was  in  the  form  of  pro- 
posed constitutional  amendments,  duly  submitted  in  writ- 
ing and  seconded  in  the  manner  provided  in  the  Society 
Constitution  as  to  amendment  thereof. 

The  paragraphs  of  the  Constitution  which  it  was  pro- 
posed to  amend  are  set  forth  below,  the  matter  which 
would  be  omitted  if  the  amendments  submitted  were 
adopted,  being  printed  in  brackets,  and  the  new  passages 
that  would  be  substituted  in  italics. 
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CONDEN.^ED  BA|^ANCE  SHEET  AS  OF  JUNE  30, 
1920 


Assets 

Cash  $36,859.68 

Accounts  Receiv- 
able 42,359.05 

Investments 

(Book  Values)  93,022.50 

Accrued  Inter- 
est on  Invest- 
ments 3,973.21 

Inventories  1,171.58 


Total     Current 

Assets 

$177,386.02 

Furniture 

and 

Fixtures 

8,118.86 

$185,504.88 

Deferred 

Charges 

27.89 

$185,532.77 

Liabilities 

Accounts    Pay- 
able $22,729.24 


Reserve 


162,803.53 


$185,532.77 


CONDENSED  STATEMENT  OF  INCOME  AND  EX- 

PENSE    FOR    THE-    FIRST    NINE    MONTHS    OF 

FISCAL  YEAR  ENDED  SEPT.  30,  1920 


Income 
Expense 

Unexpended  Income 


$185,590.84 
160,269.36 

$25,321.48 
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C  8  Member  gnrade  shall  be  composed  of  persons 
[twenty-six]  thirty-two  years  of  age  or  over,  who  by 
previous  technical  training  or  experience  or  by  present 
occupation  are  qualified  to  act  as  designers  or  construc- 
tors of  complete  automotive  apparatus  or  their  impor- 
tant component  parts;  or  to  exercise  responsible  tech- 
nical supervision  of  the  production  of  materials  germane 
to  the  construction  of  automotive  apparatus ;  or  to  take 
responsible  charge  of  automotive  engineering  work;  or 
to  impart  technical  instruction  in  the  desigrn  and  con- 
struction of  automotive  apparatus;  or  who  by  reason 
of  distinguished  service  or  noteworthy  accomplishment 
would,  in  the  discretion  of  the  Council,  appear  to  be 
desirable  additions  to  this  grade. 

Service  Member  grade  shall  be  composed  of  persons 
[twenty-six]  thiarty-two  years  of  age  or  over,  engaged 
exclusively  by  the  United  States  Government,  the  qual- 
ifications for  this  grade  being  the  same  as  those  for 
Member  grade. 

Foreign  Member  £n*ade  shall  be  composed  of  persons 
[twenty-six]  thirty-two  years  of  age  or  over,  resident 
in  countries  other  than  the  United  States,  Canada,  Mex- 
ico or  Cuba.  The  qualifications  for  this  grade  shall  be 
the  same  as  those  for  Member  grade. 

A  Member  who  has  become  eligible  for  either  the 
Service  Member  grade  or  the  Foreign  Member  grade, 
may  upon  written  request  be  transferred  to  such  grade 
and  thereafter,  beginning  with  the  next  fiscal  period, 
shall  pay  the  ailnual  dues  for  said  grade. 

C  10  Junior  £n*ade  shall  be  composed  of  persons  who 
at  the  time  of  election  are  under  [twenty-six]  thirty- 
two  years  of  age  and  qualified  to  fill  subordinate  engi- 
neering positions  in  the  automotive  or  allied  industries, 
or  who  are  regularly  enrolled  students  at  or  graduates 
of  a  technical  school.  A  Junior  Member  [may  upon 
reaching  the  age  of  twenty-six  and]  shall  upon  reach- 
ing the  age  of  [thirty]  thirty -two  be  transferred  to 
Member  or  Associate  grade,  in  accordance  with  the 
decision  of  the  Council  as  to  which  grade  his  qualifi- 
cations entitle  him. 

C  21  The  annual  dues  for  membership  in  each  grade 
and  for  Student  Enrollment  shall  be  as  follows: 

For  Member    $15.00 

For  Associate    15.00 

For  Junior    (Under   twenty-eight   years 

of  age)    5.00 

(Over  twenty -eight  years  of  age) 15,00 

For  Service  Member  10.00 
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For  Foreign  Member    10.00 

For  Student  Enrollment 3.00 

For  Departmental  Member   None 

For  one  Affiliate  Member  Representative  15.00 
For  each    additional    Affiliate    Member 
Representative 10.00 

C  29  The  affairs  of  the  Society  shall  be  managed  by 
a  board  of  fifteen  directors  chosen  from  among  its 
Members  or  Honorary  Members,  which  shall  be  styled 
"The  Council."  The  Council  shall  he  chosen  from  among 
members  who  have  been  in  the  membership  not  less  than 
two  years;  and  who  have  demonstrated  by  effective 
work  as  members  of  Society  or  Section  Com^mittees,  or 
otherwise,  both  willingness  and  fitness  to  devote  time 
and  energy  to  the  accomplishment  of  Society  work.  The 
Council  shall  consist  of  the  President,  the  First  Vice- 
President  and  five  Second  Vice-Presidents,  [represent- 
ing motor  car,  aviation,  tractor,  marine  and  stationary 
internal-combustion  engineering  respectively,]  six  Coun- 
cilors, the  Treasurer  and  the  surviving  Past-President 
who  last  held  office.  The  five  Second  Vice-Presidents 
shull  preferably  he  chosen  to  represent,  respectively, 
motor  car,  aviation,  tractor,  marine  and  stationary  in- 
temal-cornbustion  engineering;  but  when  men  of  suit- 
able standing,  experience,  and  proved  desire  to  serve 
the  Society  are  not,  in  the  opinion  of  the  Nominating 
Commdttee,  available  from  each  respective  field  men- 
tioned, two  or  more  from  other  fields  shall  be  chosen. 
Five  members  of  the  Council  shall  constitute  a  quorum 
for  the  transaction  of  business.  The  Secretary  may 
take  part  in  the  deliberations  of  the  Council,  but  shall 
not  have  a  vote  therein.  The  Chairman  of  the  Finance 
Committee  and  the  Chairman  of  the  Standards  Commit- 
tee may  attend  the  meetings  of  the  Council  and  take 
part  in  the  discussion  of  questions  affecting  their  Com- 
mittees, but  shall  not  have  a  vote. 

C  34  The  Council  [may,  by  a  two-thirds  vote  of  the 
members  present,  declare  any  elective  office  vacant,  on 
the  failure  of  its  incumbent  for  six  months,  from  inabil- 
ity or  otherwise,  to  attend  the  Council  meetings,  or  to 
perform  the  duties  of  his  ofike,  and]  shall  declare  any 
eleetifue  office  vacant  in  case  its  incumbent  is  absent 
from  four  successive  meetings,  or  other  failure  to  per- 
form the  duties  of  his  office,  unless  hy  unanimous  vote 
of  the  other  mernbers  of  the  Council  such  action  is 
deenned  as  not  heing  in  the  best  interests  of  the  Society. 
The  Council  shall  thereupon  appoint  a  Member  or  Hon- 
orary Member  to  fill  the  vacancy  until  the  next  Annual 
Meeting.  The  said  appointment  shall  not  render  the 
appointee  ineligible  to  election  to  any  office. 
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The  Discussion  at  the  Meeting 

President  Charles  M.  Manly:— Under  the  provisions 
of  the  Constitution  of  the  Society,  amendments  can  be 
proposed  now  to  the  constitutional  amendments  which 
have  just  been  proposed  in  written  form.  I  would  like  to 
ask  whether  the  wording  of  C-10,  under  the  change  pro- 
posed»  would  mean  that  a  man  cannot  be  elected  to  full 
membership  until  he  has  passed  32  years? 

B.  B.  Bachman: — I  believe  that  is  the  sense  of  the 
amendment 

J.  E.  Schipper: — I  would  like  to  ask  if  that  means  that 
present  members  would  revert  to  Junior  standing  under 
such  a  rule? 

Mr.  Bachman: — It  is  my  understanding  that  it  is  dif- 
ficult, if  not  impossible,  to  take  away  from  a  man,  by 
action  of  this  sort,  rights  which  he  already  enjoys.  I 
think,  therefore,  that  it  would  not  be  possible  to  make 
the  amendment  effective  retroactively. 

President  Manly: — This  whole  matter  has  come  up 
in  connection  with  the  work  of  the  Council  Grading  Com- 
mittee on  membership  applications.  My  understanding 
is  that  what  it  was  desired  to  do  is  to  overcome  diffi- 
culty experienced  at  times  due  to  the  fact  that  the  Coun- 
cil has  before  it  applications  received  from  men  just 
over  26  years  of  age,  who  have  professional  training  that 
would  justify  them  in  expecting  to  sometime  become 
qualified  for  full  membership,  but  who,  through  lack  of 
experience^  or  other  cause,  are  not  really  qualified  there- 
for at  the  time  of  application.  *  The  idea,  therefore,  was 
to  enable  the  Council  to  elect  as  Juniors  men  over  26, 
who  are  not  fully  qualified  for  full  membership,  but  at 
the  same  time  have  sufficient  technical  training  to  make 
it  seem  undesirable  to  elect  them  as  Associates. 

I  had  not  noticed  before  that  under  the  amendment 
proposed  no  one  could  become  a  Member,  that  is,  a  full 
Member,  before  reaching  the  age  of  32.  I  think  that  is 
undesirable. 

As  I  stated  at  the  1919  Summer  Meeting,  I  think  that 
one  of  the  greatest  reasons  for  the  activity  and  the  broad 
point  of  view  of  the  Society  is  that  we  keep  our  member- 
ship relatively  young,  and  I  hope  the  day  will  not  come 
when  we  impoae  too  great  restrictions  in  the  matter  of 
age. 
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W.  G.  Wall: — I  do  not  quite  get  the  idea  of  a  Junior 
member  having  his  dues  raised  at  the  age  of  28. 

Herbert  Chase  : — I  am  not  in  a  position  to  speak  for 
the  Grading  Committee,  although  I  have  been  a  member 
of  it  for  about  two  years,  but  I  might  explain  that  at  the 
present  time  a  Junior  can  come  in  under  the  age  of  26, 
and  remain  a  Junior  with  the  lower  dues  until  he  is  30. 
The  idea  of  raising  the  age  limit  is  to  enable  men  under 
32  to  come  in  as  Juniors  who  under  present  practice 
would,  if  over  26,  be  placed  as  a  rule  in  the  Associate 
grade  because  of  insufficient  experience  to  qualify  for 
Member  grade.  If  this  should  be  done,  the  income  of 
the  Society  might  be  somewhat  curtailed  because  Asso- 
ciates pay  $15  a  year.  It  certainly  costs  the  Society  more 
than  $5  a  year  to  carry  a  Junior,  whereas  Juniors  pay 
only  $5  annual  dues.  It  seems  reasonable  that  a  man  who 
has  reached  the  age  of  28  can  well  afford  to  pay  $15  dues. 
A  man  who  pays  the  low  dues  of  $5  up  to  the  age  of  28 
really  receives  as  much  special  consideration  as  he  is 
entitled  to.  In  other  words,  at  28  years  of  age  a  man 
should  be  earning  enough  to  warrant  his  paying  $15 
dues,  the  same  as  Members  and  Associates.  These  are 
the  reasons  for  the  suggested  amendments  so  far  as  they 
concern  dues  and  admission. 

It  should  be  borne  in  mind  that  the  Junior  grade  is 
intended  for  junior  engineers,  whereas  the  Associate 
grade  is  primarily  for  men  not  experienced  in  engineer- 
ing work.  At  present  an  applicant  for  membership  who 
is  over  26  must  be  placed  in  the  Associate  grade,  even 
though  his  experience  is  wholly  along  engineering  lines, 
if  in  the  opinion  of  the  Council  he  is  not  yet  a  full-fledged 
engineer,  or  capable  of  taking  responsible  charge  of  engi- 
neering work.  Such  a  man  naturally  objects  to  being 
classed  as  an  Associate,  even  though  he  can  be  and  often 
is  later  transferred  to  Member  grade,  when  he  has  become 
sufficiently  experienced.  The  proposed  change  would  en- 
able a  man  to  remain  in  an  engineering  grade  as  a  Junior 
until  32  years  of  age,  but  simply  requires  that  he  pay  full 
dues  after  he  reaches  the  age  of  28.  It  should  not  be 
forgotten  that  the  Junior  member  receives  the  same  ad- 
vantages of  membership  as  a  full  member  with  the  single 
exception  that  he,  in  common  with  Associates,  does  not 
possess  the  privilege  of  voting  and  holding  office. 

C.  F.  Scott: — May  I  say  a  word  about  the  suggested 
change  in  regard  to  term  of  membership  before  a  man 
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becomes  eligible  to  the  Council?  For  two  separate  years 
it  has  been  my  privilege  to  be  a  member  of  the  Nominat- 
ing Committee  of  the  Society,  and  this  change  appeals  to 
me  very  strongly  as  one  that  will  help  materially  in  guid- 
ing the  deliberations  of  the  future  Nominating  Commit- 
tees. Of  course  we  realize  that  men  of  the  personality, 
ability  and  standing  sufficient  to  make  them  proper  mem- 
bers of  the  Council,  and  Vice-Presidents  and  Presidents 
of  the  Society,  are  extremely  busy  in  our  industry,  but 
I  think  this  is  a  fit  time  to  emphasize  again  the  fact  that 
the  nomination  to  office  in  the  Society  is  not  alone  an 
honor.  I  fancy  that  if  this  phase  were  a  little  more  em- 
phasized the  attendance  at  Council  meetings  would  be 
greater.  I  think  this  provision  should  be  considered  with 
that  in  view. 

President  Manly: — ^We  desire  to  get  the  very  best 
results  for  the  Society;  that  is  all  we  are  after.  There 
may  be  differences  of  opinion.  Do  not  have  any  hesi- 
tancy in  saying  what  you  think.  Let  us  take  an  active 
interest  in  the  matter.    This  is  your  Society. 

Ferdinand  Jehle: — It  seems  to  me  that  extending  the 
age  limit  of  Junior  membership  is  in  accord  with  the 
way  we  have  all  felt  more  or  less  for  some  time.  It  is 
very  difficult  to  recommend  a  man  for  membership  who 
has  just  passed  the  age  of  26.  If  he  had  applied  three 
months  earlier,  he  would  have  been  a  Junior  or  an  Asso- 
ciate, whereas  if  he  applies  after  26,  we  must  make  him 
an  Associate  or  a  Member.  If  a  man  is  only  worth  Junior 
grade  to  us  as  a  Society,  I  believe  that  the  Society  will  be 
worth  to  him  only  Junior  grade;  that  is,  I  think  the 
dues  should  be  the  same  whether  he  is  27  or  29,  as  long 
as  he  is  of  that  grade.  Maybe  the  solution  will  be  to  raise 
the  Junior  dues  to  $10,  no  matter  what  the  age  is. 

I  do  not  think,  however,  that  because  a  man  is  not  32 
years  old,  he  should  not  be  eligible  to  election  to  member- 
ship. 'I  think  the  men  who  recommend  him,  and  the 
Council  that  considers  his  election,  should  exercise  their 
judgment  in  the  matter,  whether  he  should  be  a  Junior 
member. 

President  Manly: — I  think  that  the  point  Mr.  Jehle 
made  is  a  very  good  one.  I  do  not  want  to  see  it  become 
mandatory  that  a  man  really  otherwise  qualified  for  full 
membership  in  the  Society,  be  excluded  therefrom  simply 
because  he  has  not  passed  the  age  of  32.  The  Constitu- 
tional provision  should  be  elastic  enough  to  permit  the 
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Council  in  its  discretion  to  elect  to,  and  the  Grading  Com- 
mittee to  recommend  for  full  membership  a  man  of  the 
necessary  qualifications. 

On  the  other  hand,  there  is  one  very  important  point  in 
this  matter,  and  that  is  it  costs  the  Society  much  more 
than  $5  a  year  to  carry  a  Junior.  Now,  all  of  us  are 
the  ones  who  are  concerned  in  the  question  of  how  long 
we  are  goipg  to  carry  these  men  as  Juniors,  how  many  of 
them  we  are  going  to  carry,  and  at  what  age.  We  can- 
not say  that  we  are  not  concerned  because  we  long  ago 
passed  the  age  of  26,  most  of  us  are  sorry  to  say,  be- 
cause we  are  deeply  interested  in  the  welfare  of  the  So- 
ciety. On  the  other  hand,  we  do  not  want  to  make  the 
dues  so  high  for  a  Junior  member  that  we  will  not  really 
get  the  men  in,  to  train  them  as  they  should  go  in  the 
paths  of  S.  A.  E. 

H.  A.  GiLUS: — I  have  listened  with  interest  to  the 
remarks  made  here  about  limiting  the  age.  I  do  not 
think  that  the  membership  of  this  Society  should  be  lim- 
ited to  any  special  age.  It  is  not  a  question  of  age;  it 
is  a  question  of  qualification.  Therefore,  I  think  it 
should  be  entirely  a  matter  of  the  opinion  of  the  Council 
and  the  members  of  the  Society  who  are  recommending 
applicants  to  the  Council,  whether  a  man  is  qualified  for 
full  membership  or  not.  I  will  cite  my  own  case.  I  am 
a  Member  of  the  Society,  but  I  believe  I  am  not  as  well 
qualified  for  that  grade  as  some  men  much  younger 
than  myself  who  have  joined  the  Society  only  recently 
and  are  below  the  age  required  for  full  membership. 

I  think  that  the  question  of  age  limit  is  a  very  impor- 
tant one  to  the  Society's  welfare.  If  this  Society  is  not 
worth  $10  a  year  to  any  young  man  who  is  going  along 
in  his  profession,  I  think  that  the  young  man  is  not 
worth  much  to  the  Society. 

President  Manly: — This  Society  is  worth  much  more 
than  the  dues  to  any  member.  There  is  no  question 
about  that.  In  fact,  the  dues  that  any  member  pays  for 
his  portion  of  the  work  of  the  Society  are  not  commen- 
surate with  the  value  of  the  work  of  the  Society.  The 
great  point  that  has  always  come  up  in  connection  with 
fixing  the  dues  has  been  not  so  much  a  question  of  what 
membership  is  worth,  as  what  it  seemed  possible  for 
people  to  well  afford  to  pay,  and  the  desire  was  to  make 
the  Junior  membership  attractive  in  a  financial  way. 
The  more  money  the  Society  has  the  better  its  work  can 
be  carried  on,  the  more  we  can  extend  it,  and  the  more 
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valuable  we  can  make  it  to  every  member  of  the  So- 
ciety. 

C.  H.  Young: — I  think  that  another  point  on  this 
question  should  be  mentioned.  I  have  had  much  more 
to  do  with  the  membership  of  another  engineering  so- 
ciety than  with  the  Society  of  Automotive  Engineers. 
In  the  other  Society  I  am  a  Member;  in  this  I  am  an 
Associate.  For  the  past  ten  years  I  have  had  occasion 
to  talk  with  many  young  men,  and  induce  them  to  be- 
come members  of  the  other  society,  and  some  of  the 
young  men,  ranging  in  age  from  26  to  32,  were  emi- 
nently qualified  to  be  full  members  of  that  society.  I  am 
sure  that  very  many  young  men  of  that  age  are  qualified 
for  Membership  in  this  Society.  Many  have  graduated 
from  technical  schools  between  the  ages  of  21  and  28, 
and  have  five  or  six  years'  good  experieijce;  they  are 
keen,  their  minds  are  very  active  and  they  can  contribute 
some  very  good  ideas  to  an  engineering  society.  I  think 
that  if  this  matter  is  adjusted  on  the  age  limit  solely, 
there  will  be  much  dissatisfaction  on  the  part  of  the 
applicants.    I  think  we  do  not  want  that  to  happen. 

President  Manly:— I  believe  that  the  proper  thing 
is  for  all  of  us  to  think  the  question  over  and  get  ready 
for  amendments  to  the  written  proposals  that  have  been 
made,  to  be  considered  at  the  Summer  Meeting.  The 
matter  is  now  before  the  Society,  and  will  come  up  again 
in  due  course.  The  main  thing  I  want  you  to  remem- 
ber is  that  we  are  all  concerned  in  this  whole  matter. 

Contributed  Written  Discussion 

L.  S.  Keilholtz: — The  part  of  the  proposed  amend- 
ments to  which  I  object  is  the  following: 

...  but  when  men  of  suitable  standing,  experience  and 
proved  desire  to  serve  the  Society  are  not,  in  the  opinion 
of  the  Nominating  Committee,  available  from  each  re- 
spective field  mentioned,  two  or  more  from  other  fields 
shall  be  chosen. 

I  believe  that  it  is  the  duty  of  the  Society  to  build  up 
all  the  automotive  divisions  so  that  men  of  proper  quali- 
fications will  be  available  to  represent  each  as  Second 
Vice-president. 

Under  the  proposed  constitutional  amendment  men 
representing  the  motor-car  industry  would  probably  be 
nominated  and  there  would  be  the  possibility  of  a  less 
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number  of  the  automotive  divisions  being  represented 
from  year  to  year  officially  on  the  Council.  •  With  fifteen 
members  on  the  Council,  at  least  one  should  represent 
each  automotive  industry. 

Mr.  Chase: — I  was  in  large  part  responsible  for  pro- 
posing the  amendments,  and  drafted  them  in  the  form 
submitted.  However,  they  give  voice  to  some  pertinent 
and  constructive  criticism  of  the  Constitution  offered  by 
others. 

The  objections  raised  by  Mr.  Keilholtz  to  the  pro- 
posed amendment  of  C  29  are  perhaps  natural.  Similar 
beliefs  were  expressed,  I  assume,  when  C  29  was  adopted 
in  its  present  form  some  years  ago  to  provide  for  five 
second  vice-presidents.  The  result  has  been  precisely  the 
condition  which  the  proposed  amendments  to  C  29  and 
C  34  seek  to  overcome,  namely  the  Council  including  in 
its  membership  men  upon  whom  honors  have  been  thrust 
rather  than  earned  by  virtue  of  effective  work  in  and 
for  the  Society,  In  several  cases  such  men  have,  quite 
naturally,  held  the  honor  so  lightly  that  they  have  given 
little  or  no  time  to  discharging  the  duties  of  their  office 
and  have  attended  few,  if  any.  Council  meetings?  Thus 
the  automotive  field  they  were  supposed  to  represent  has 
not  been  represented  except  by  other  Council  members 
who  gave  attention  to  the  discharge  of  their  duties. 

It  has  happened  in  some  cases  that  men  of  proper  cali- 
ber were  not  available  in  each  of  the  five  automotive 
fields.  What  we  want,  as  I  see  it,  is  a  Council  composed 
of  men  of  high  standing  in  the  profession,  who  ''have 
demonstrated  *  *  *  both  willingness  and  fitifess  to 
devote  time  and  energy  to  the  accomplishment  of  Society 
work."  With  such  a  Council  the  Society  will  be  sure  to 
prosper  and  all  of  the  automotive  fields  will  be  better 
represented,  in  fact,  than  if  the  Council  is  burdened  with 
members  who  are  representative  in  name  only.  I  feel 
sure  that,  under  these  circumstances,  no  field  not  directly 
represented  will  really  suffer  for  lack  of  representation. 
Besides,  the  men  who  do  the  committee  and  other  work 
of  the  Society  are  the  ones  who  deserve  and  should,  at 
least  for  the  most  part,  be  honored  by  being  made  offi- 
cers. 

Mr,  Bachman: — ^With  reference  to  the  proposed 
amendments  to  the  Constitution  which  were  presented 
at  the  Annual  Meeting  by  my  motion,  I  would  suggest, 
after  having  given  the  matter  additional  thought,  with 
reference  particularly  to  the  comments  made  by  Presi- 
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dent  Manly,  that  the  amendments  as  proposed,  in  their 
application  to  C  8,  C  10  and  C  20,  are  probably  not  in  a 
form  suited  to  the  best  interests  of  the  Society. 

In  the  first  place,  I  feel  that  in  our  industry  there 
are  a  great  many  men  who  arrive  at  a  sufficiently  high 
plane  in  their  profession  to  be  entitled  to  Member  grade 
at  a  somewhat  earlier  age  than  the  average  for  the  whole 
engineering  field.  At  the  same  time  I  appreciate,  by 
reason  of  my  past  experience,  the  difficulties  encoun- 
tered, in  view  of  the  fact  that  the  Council  is  prevented 
from  grading  a  member  as  a  Junior  after  he  has  passed 
the  age  of  26. 

In  view  of  these  facts,  I  am  of  the  belief  that  the  rais- 
ing of  the  requirements  for  Member  grade  from  26  to  32 
years  is  too  drastic,  and  does  not  allow  for  that  desirable 
flexibility  which  would  be  a  distinct  advantage.  It  is, 
therefore,  my  suggestion  that  in  C  8  the  present  stipula- 
tion of  "26  years  of  age  or  over"  shall  be  amended  to 
read  "28  years  of  age  or  over,"  and  that  C  10  shall  read 
as  proposed  to  be  amended,  namely,  "Junior  Grade  shall 
be  composed  of  persons  who  at  the  time  of  election  are 
under  32  years  of  age  *  *  *."  I  believe  that  the  sec- 
ond sentence  of  C  10  should  be  amended  to  read,  "A 
Junior  member  may  upon  reaching  the  age  of  28,  and 
shall  upon  reaching  the  age  of  32,  be  transferred  to 
Member  or  Associate  Grade    *    *    *." 

In  C  20,  the  automatic  provision  for  the  increasing  of 
dues  of  Junior  members  at  the  age  of  28  years,  as  sug- 
gested in  the  proposed  amendment,  meets  with  my  ap- 
proval. 

It  may  seem  that  my  proposed  alterations  of  the 
amendments  are  contradictory,  but,  after  careful 
thought,  I  have  arrived  at  the  opinion  that  this  is  not  so. 
As  I  propose,  under  C  9  the  qualification  as  to  age  for 
Members,  Service  Members  and  Foreign  Members  shall 
be  a  minimum  of  28  years.  I  believe  that  this  is  a  fair 
age  limit  and  will  not  work  a  hardship  by  reason  of 
withholding  the  grade  of  Membership  from  men  who 
have,  by  their  work,  indicated  their  fitness. 

With  respect  to  C  10,  the  advancing  of  the  age  limit 
of  Junior  members  from  26  to  32  permits  the  Coun- 
cil to  place  in  Junior  Grade  many  applicants  who  are 
now  perforce  assigned  to  the  Associate  Grade.  At  the 
same  time  it  leaves  the  way  open  for  a  man  to  make 
application  for  transfer  at  an  earlier  time. 
As  to  the  arguments  relative  to  increasing  the  Junior 
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membership  fee  at  the  age  of  28,  while  a  man  is  still  re- 
tained in  the  Junior  Grade,  or  the  condition  which  will 
arise  when  a  man  between  28  and  32  is  assigned  to 
Junior  Grade,  it  seems  to  me  that  the  differential  in  in- 
itiation fee  covers  this  matter  sufficiently.  Of  course,  1 
feel  that  the  provisions  of  C  22,  relative  to  the  payment 
in  difference  of  initiation  fee  at  the  time  of  transfer 
should  still  hold. 

The  Constitution  Committee  of  the  Society,  whose 
duty  it  is  to  consider  and  make  recommendations  on  all 
proposed  amendments  of  the  Constitution,  has  made  the 
report  given  below,  in  connection  with  the  constitutional 
amendments  proposed  at  the  last  meeting  of  the  Society. 
This  report  was  approved  by  the  Council  of  the  Society 
at  its  meeting  held  on  April  9,  1920. 

Report  of  Constitution  Committee 

Careful  consideration  was  given  to  the  report  of  dis- 
cussion had  at  the  meeting  of  the  Society,  held  Jan.  7, 
1920,  covering  the  proposed  changes.  In  addition,  letters 
from  various  individuals  bearing  on  these  questions  were 
read  and  comments  analyzed. 

As  a  result  the  following  suggestions  were  made: 

C  8  should  read  as  originally  outlined  in  the  Constitu- 
tion. In  other  words,  no  change  in  the  age  limit  indi- 
cated is  desired.  The  particular  reason  for  this  is  that 
it  was  the  opinion  of  the  members  present  that  there 
were  many  individuals  in  the  automotive  industry,  in 
fact  it  might  be  said  the  great  majority,  who  possessed 
the  fullest  qualifications  for  membership,  and  who  are 
under  the  age  of  32.  This  is  probably  more  applicable 
in  the  automotive  industry  than  in  any  other  field  of 
engineering  activity,  and  it  would  be  a  hardship  and  an 
unfairness  to  not  honor  a  deserving  applicant  by  full 
membership  in  the  Society. 

Under  C  10,  the  age  limit  of  26  years  is  recommended 
to  be  changed  to  30  years,  reading  as  follows: 

" who  at  the  time  of  election  are  under  30  years 

of  age,  etc." 

In  addition,  the  second  sentence  of  C  10  should  read  as 
follows : 

"A  Junior  member  may  upon  reaching  the  age  of  28 
and  shall  upon  reaching  the  age  of  30,  etc." 

In  connection  with  these  changes  it  is  realized  that 
many  arguments  in  favor  of  the  various  age  limits  men- 
tioned by  different  individuals  exist.     While  these  will 
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not  be  reviewed,  it  is  suggested  that  the  proposed  change 
is  more  or  less  in  the  nature  of  a  compromise,  and  should 
meet  nearer  with  the  approval  of  the  majority  than  any 
of  the  others  which  have  been  suggested. 

It  should  be  noted  in  connection  with  the  foregoing 
changes  that  the  dues  for  membership  will  always  be 
those  applying  at  the  time  of  admission,  except  as  may 
be  modified  by  amendments  later  submitted.  In  other 
words,  a  Junior,  for  illustration,  always  pays  an  annual 
fee  of  |5. 

Under  C  29,  a  modification  has  been  made,  and  the 
necessity  for  which  is  brought  about  by  the  rapidly  ex- 
tending field  of  activities  of  the  S.  A.  E.  Realizing  the 
manner  in  which  the  Council  is  chosen,  full  consideration 
being  given  to  the  type  of  individuals  proposed,  it  is 
believed  that  this  paragraph  should  read  as  follows : 

'The  affairs  of  the  Society  shall  be  managed  by  a 
board  of  fifteen  directors  chosen  from  among  its  Mem- 
bers or  Honorary  Members,  which  shall  be  styled  The 
Council.'  The  Council  shall  be  chosen  from  among  mem- 
bers who  have  demonstrated  by  effective  work  as  mem- 
bers of  Society  or  Section  Committees,  or  otherwise,  both 
willingness  and  fitness  to  devote  time  and  energy  to  the 
accomplishment  of  Society  work.  The  Council  shall  can- 
sist  of  the  President,  the  First  Vice-President,  and  five 
Second  Vice-Presidents,  six  Councilors,  the  Treasurer, 
and  the  surviving  Past-President  who  last  held  office. 
The  five  Second  Vice-Presidents  shall  preferably  be 
chosen  to  represent  respectively  motor-car,  aviation,  trac- 
tor, marine,  and  stationary  internal-combustion  en- 
gineering." 

Note  is  to  be  made  that  the  last  portion  of  the  recently 
proposed  C  29  has  been  omitted,  and  this  for  more  or 
less  obvious  reasons.  If  in  the  opinion  of  those  em- 
powered to  choose  there  is  no  representative  in  a  par- 
ticular field  capable  of  properly  representing  the  Society, 
elimination  of  such  a  representative  from  the  Council  in 
this  manner  may  cause  a  great  deal  of  unfortunate  feel- 
ing. As  a  matter  of  fact,  it  is  believed  that  all  of  the 
industries  now  represented  are  sufficiently  big  to  make 
it  a  simple  matter  to  select  some  individual  who  is  fully 
up  to  the  qualifications  required. 

Should  a  representative  be  chosen  and  be  found  want- 
ing in  any  particular,  his  detrimental  effect  upon  Society 
activities  will  be,  it  is  believed,  much  less  than  would  be 
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the  case  were  the  entire  field  of  industry  represented  by 
him  ignored. 

Constitution  Committee: 

(Signed)  D.  L.  Gallup,  Chairman. 
W.  G.  Wall. 
"       Edward  Orton,  Jr. 

Election  of  Officers 

R.  J.  Broege,  C.  B.  Veal  and  F.  P.  Gilligan  were  ap- 
pointed as  tellers  of  election  of  officers  to  serve  during 
this  administrative  year  and  of  Councilors  to  serve  dur- 
ing 1920  and  1921. 

They  reported  that  759  valid  and  19  invalid  ballots 
had  been  cast,  the  total  count  on  election  being  as 
follows : 


For  PreMent 

(To  serve  for  one  year) 
J.    G.    Vincent 
H.  M.  Crane 
Joseph  Bijur 
J.  G.  Utz 
C.  E.  Lucke 

732 
3 
1 
1 
1 

For  First  Vice-PreMent 

(To  serve  for  one  year) 

J.  G.  Utz  744 

David  Beecroft  2 

J.  V.  Whitbeck  1 

For  Second  Vice-President 
Representing  Motor  Car  Engineering 

(To  serve  for  one  year) 
W.  G.  Wall  742 

G.  A.  Wcidely  1 

For  Second  Vice-President 

Representing  Aviation  Engineering 

(To  serve  for  one  year) 

G.  L.  Martin  739 

W.  B.  Stout  1 

J.  A.  Steinmetz  1 

For  Second  Vice-President 

Representing  Tractor  Engineering 

(To  serve  for  one  year) 

H.  C.  Buffington  743 

R.  O.  Hendrickson  1 
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Fwr  Second  Vice-President 

Representing  Marine  Engineering 

(To  serve  for  one  year) 

C.  A.  Criqui  743 

For  Second  Vice-President 

Representing  Stationary  Internal-Combustion 

Engineering 

(To  serve  for  one  year) 

L.  M.  Ward  742 

For  Councilors 

(To  serve  for  two  years) 

N.  B.  Pope  752 

A.  W.  Scarratt  761 

F.  M.  Germane  748 

For  Treasurer 

(To  serve  for  one  year) 

C.  B.  Whittlesey  763 

Those  receiving  the  largely  preponderating  numbers  of 
votes  were  the  nominees  of  the  regular  nominating  com- 
mittee, no  other  nominations  having  been  made,  and 
were  elected. 

Standards  Committee  Report 
The  Standards  Committee  reported  for  approval  at  the 
meeting  fifty-one  recommendations  of  Standards  and 
Recommended  Practices.  The  number  of  Divisions  of 
the  Committee  reporting  was  fifteen,  as  compared  with 
ten  and  seven  at  the  two  last  previous  meetings  of  the 
Society  respectively.  At  the  June,  1919,  meeting  of  the 
Society  thirty-three  subjects  were  reported  and  at  the 
February,  1919,  meeting  thirty-one  subjects. 

The  1919  Standards  Committee  consisted  of  eighteen 
Divisions.  The  total  number  of  S.  A.  E.  Standards  and 
Recommended  Practices  that  had  been  adopted  prior  to 
the  1920  Annual  Meeting  was  262. 

Social  Features 

The  Carnival  held  on  the  evening  of  Jan.  7  measured 
up  to  and  beyond  the  great  claims  made  in  the  announce* 
ment  of  it  It  was  what  it  was  planned  primarily  to  be, 
a  gathering  at  which  the  members  could  and  would  be- 
come better  acquainted. 

The  1920  Annual  Dinner  with  over  1600  seated  broke 
all  attendance  records,  and  it  was  as  good  and  satisfac- 
tory as  it  was  large. 
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ADDRESSES  AT  THE  ANNUAL 
DINNER 

The  Annual  Meeting  terminated  on  the  evening  of 
Jan.  8  with  a  record-breaking  Society  dinner.  The  ca- 
pacity of  the  grand  ballroom  of  the  Hotel  Astor,  New 
York  City,  was  about  reached,  over  1600  members  and 
guests  being  present.  John  Kendrick  Bangs  was  toast- 
master.  Among  the  other  speakers  were  J.  G.  Vincent, 
then  president-elect  of  the  Society;  Charles  E.  Mitchell, 
president  of  the  National  City  Co.,  and  Major  Arthur 
Bles  of  the  British  Army. 

ADDRESS  OF  JOHN  KENDRICK  BANGS 

Gentlemen,  I  am  no  orator,  as  these  other  Brutuses 
are  who  will  follow  me.  I  realize  precisely  what  my 
position  is  here  tonight.  I  have  been  asked  to  come 
because  of  my  supreme  ignorance  upon  all  the  subjects 
which  interest  you.  I  am  the  one  speaker  upon  this 
platform  tonight  who  is  not  going  to  bore  you  by  talking 
about  things  that  you  think  you  know  more  about  than 
the  speaker  does.  I  realize  that  in  this  difficult  gather- 
ing in  New  York,  which  is  always  over-congested,  and 
tonight  more  so  than  ever,  I  am  nothing  more  than  a  sort 
of  traffic  cop  to  keep  these  intellectual  cars  and  trucks, 
by  whom  I  am  surrounded,  moving.  I  am  going  to  tell 
them  when  to  go,  and  if  they  do  not  stop  when  they 
should,  I  am  going  to  tell  them  when  to  stop. 

I  have  one  little  thought  that  I  would  like  to  leave  in 
your  minds.  I  will  illustrate  it  by  a  story  of  something 
that  I  have  seen  since  I  saw  you  gentlemen  last,  which 
was  almost  as  inspiring  as  any  experience  that  has  ever 
come  into  my  life.  I  have  had  the  rare  privilege  of  visit- 
ing the  scenes  of  war,  not  only  in  the  darkest  period  of 
the  war,  but  since  the  war  was  supposed  to  have  been 
finished.  I  want  to  say  to  you  that  I  found  a  truer 
Americanism  on  the  other  side  of  the  Atlantic  Ocean 
than  I  have  found  in  the  United  States  of  America  since 
I  returned.  In  these  days  when  timid  souls  are  afraid 
of  Bolshevists,  when  we  are  afraid  to  allow  a  Socialist 
to  sit  in  the  legislature  of  the  State  of  New  York  along- 
side a  Tammany  official  for  fear  that  somebody  will  pfet 
everything  that  he  has  away  from  the  Tammany  man 
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and  that  he  will  then  begin  to  work  again  upon  us,  I 
want  to  tell  you  something  which,  if  there  is  any  timid- 
hearted  man  in  this  gathering  tonight,  will  reassure  him 
as  to  the  true  spirit  of  America. 

Americanism 

During  my  first  visit  to  France  in  1918,  it  was  my 
blessed  privilege  to  try  to  cheer  up  the  American  dough- 
boy, who  was  face  to  face  with  the  wickedest  enemy  that 
the  world  has  ever  known.  I  went  down  to  the  St.  Mihiel 
front  and  there,  one  morning,  after  my  first  address, 
there  came  to  me  an  American  soldier-boy,  21  years  of 
acre,  a  private  in  the  ranks,  who,  simply  because  of  some^ 
thing  that  I  had  said  that  he  liked  the  night  before,  of- 
fered to  become  my  body-servant  during  the  period  of 
my  stay  there.  I  did  not  want  an  American  soldier  to  be 
a  valet  of  mine.  Considering  our  respective  missions  on 
the  other  side  of  the  sea,  I  should  have  felt  it  far  more 
fitting  for  me  to  get  down  upon  my  knees  and  clean  his 
boots,  than  have  him  do  so  for  me.  But  he  left  me  no 
alternative  than  to  accept,  because  he  took  my  uniform, 
boots,  hat,  underclothes,  everything  that  I  had,  and  dis- 
appeared with  them.  Even  at  the  front  I  could  not  go 
out  and  pursue  him  in  such  a  condition  as  he  left  me  in. 
Within  half  an  hour,  he  had  returned  with  my  uniform 
pressed  and  my  boots  polished,  and  for  three  days  that 
boy  followed  me  about  and  smilingly  rendered  every  serv- 
ice that  one  man  can  render  another.  One  of  my  own 
sons  could  not  have  been  more  solicitous  for  my  welfare. 

I  naturally  inquired  about  that  lad  and  found  that  he 
had  been  taken  by  the  draft,  out  of  the  very  dregs  of 
one  of  our  Southern  ports.  He  came  from  a  poor  home, 
he  had  never  had  three  minutes  of  education,  he  had 
never  known  the  meaning  of  the  word  "ideal,"  he  had 
never  known  the  nice  distinction  between  the  words 
"service"  and  "servitude,"  he  had  never  looked  upon 
his  father's  face,  he  had  not  any  recollection  who  his 
mother  was,  and  he  had  been  a  waif  and  a  stray  all  his 
days.  If  this  war  had  not  broken  out,  his  natural  drift 
would  have  been  into  the  embrace  of  some  organized 
body  of  thieves,  thugs  and  treasonous  ruffians.  If  he 
had  been  in  Russia,  he  might  have  been  a  follower  of 
Trotzky  and  Lenin.  The  only  socially  discreditable  thing 
he  never  could  have  been  is  one  of  these  American  col- 
lege professors,  of  whom  we  have  too  many  in  our  insti- 
tutions of  learning  who,  in  these  days  of  social  unrest. 
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violate  the  trust*  imposed  upon  them  by  the  fathers  and 
the  mothers  of  immature  youth,  by  preaching  the  ideal 
of  Bolshevism.  Bolshevism  is  not  an  ideal,  but  a  pro- 
gram of  murder,  arson,  loot  and  treason,  based  upon 
envy,  hatred  and  malice. 

The  draft  caught  that  boy;  took  him  to  an  American 
camp;  gave  him  the  first  taste  of  discipline  he  had  ever 
known;  taught  him  how  to  hold  his  head  high;  taught 
him  why  he  had  a  right,  as  an  American,  to  hold  his  head 
high ;  told  him  the  meaning  of  the  great  names  of  Amer- 
ica, of  the  unselfish  devotion  to  high  principle  of  George 
Washington,  the  broad  fundamental  democracy  of 
Thomas  Jefferson,  the  farseeing  vision  of  Alexander 
Hamilton,  the  sense  of  brotherly  love  in  the  heart  of 
Abraham  Lincoln,  and  the  everlasting  sense  of  rightness 
in  the  soul  of  Theodore  Roosevelt. 

They  sent  him  across  the  sea,  and  he  came  and  ren- 
dered those  little  services  to  me,  which  meant  nothing. 
But  the  thing  that  meant  a  great  deal,  and  which  I  wish 
you  would  etch  upon  your  hearts  in  moments  of  despair 
over  American  character  and  institutions,  is  this:  On 
the  morning  I  left  him  I  went  to  his  captain  and  said, 
"Captain,  that  boy  has  been  perfectly  splendid  to  me;  I 
would  like  to  do  something  for  him.  May  I  give  him  a 
little  present?" 

The  captain  replied,  "Mr.  Bangs,  I  do  not  want  to  see 
you  do  anything  of  the  sort." 

I  said,  "Captain,  I  am  glad  to  note  that  you  are  a  man 
of  nice  discrimination  in  the  use  of  language;  I  will  not 
let  you  see  me."' 

And  I  did  not;  I  took  that  boy  off  to  one  side  and  said, 
"Son,  you  have  been  perfectly  bully  to  me,  and  I  appre- 
ciate it  from  the  bottom  of  my  heart.  You  have  ren- 
dered me  service  which  I  could  hardly  expect  from  one  of 
my  own  sons,  and  I  thank  you  for  it.  Just  as  you  have 
made  me  more  comfortable  here,  I  would  like  to  make 
you  more  comfortable  when  you  go  to  Paris.  Take  this 
and  when  you  spend  it,  think  of  me."  Then  I  offered 
that  boy  50  francs. 

That  lad,  who  had  had  no  education,  no  home  training, 
and  did  not  know  the  difference  between  "service"  and 
"servitude,"  pushed  my  hand  back  and  with  a  sweet 
boyish  wistful  smile  and  said,  "Ah,  Mr.  Bangs,  please  do 
not  offer  me  any  money;  I  do  not. want  to  take  your 
money."  And  then  came  this  beautiful  sentence,  which 
in  my  estimation  sums  up  the  whole  ideal  of  American 
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character  and  American  intent ;  he  said/  "Mr.  Bangs,  we 
did  not  come  over  here  to  make  money,  you  know;  we 
came  over  here  to  do  things  for  other  ];)eople."  That  was 
the  spirit  of  the  American  boy  in  France! 

I  hope  that  the  next  few  years  will  show  that  this  is 
the  spirit  of  America  at  home,  and  that  men  like  you,  all 
true  Americans,  gathering  together,  are  resolved  that 
they  will  make  the  United  States  not  the  servant  of  the 
world,  but  the  service  station  of  humanity.  That  is  an 
ideal  for  Americans  to  live  up  to.  Then  will  the  de- 
parted gods  return  once  more  .to  earth,  and  their  homes 
will  be  not  upon  the  Parnassus  of  Greece  but  upon  the 
high  mountain  peaks  of  our  blessed  country,  America ! 

ADDRESS  OF  PRESIDENT-ELECT 
VINCENT 

As  I  look  back  over  the  activities  of  the  Society  dur- 
ing the  last  several  years,  I  think  of  the  difficulties 
its  early  officers  encountered.  They  had  a  great  many 
problems.  During  their  time  there  was  probably  very 
little  of  what  we  now  know  as  real  cooperation;  there 
was  relatively  little  sympathy  with  the  standardization 
work,  because  then  many  engineers  thought  that  it  would 
militate  against  initiative  on  their  part.  I  think  you 
will  all  realize,  if  you  will  look  back  for  a  moment,  what 
great  results  have  been  attained  by  the  far-sighted  pol- 
icy of  the  officers  of  the  Society  in  past  years.  I  need 
cite  nothing  more  to  prove  my  point  than. the  cooperation 
that  existed  throughout  the  automotive  industry  during 
the  recent  war.  I  think  it  is  not  unfair  to  us,  as  engi- 
neers, to  take  unto  ourselves  the  credit  for  the  remark- 
able cooperation  that  existed  throughout  this  whole  in- 
dustry in  this  period.  We  all  know  that  the  automotive 
industry  as  a  whole  was  anxious  to  find  out  what  it 
could  do,  and  ready  to  turn  its  factories  upside  down  to 
start  any  work  that  we,  as  engineers,  said  it  should  do. 

I  am  not  sure  just  how  much  more  difficult  the  task 
of  the  earlier  officers  was  than  that  of  those  of  us  who 
are  to  serve  now  during  the  greatly  increased  activities 
of  the  Society.  It  is,  of  course,  true  that  in  electing  us 
you  conferred  great  honor  upon  us.  At  the  same  time 
you  gave  us  considerable  work  to  do.  On  behalf  of  the 
incoming  officers  I  ask  your  full  cooperation.  We  know 
we  need  it. 

I  think  that  everyone  will  now  agree  that  the  Society 


Digitized 


by  Google 


ADDBBSSBS  AT  THE  ANNUAL  DINNER  87 

has  done  a  great  work  in  connection  with  the  standardi- 
zation of  parts.  This  has  not  in  any  way  reduced  initia- 
tive. It  has,  in  fact,  left  the  engineer  more  free  to  bring 
about  advances  in  design.  We  new  officers  are  going  to 
feel  very  proud  if  we  can  follow  up  the  good  work  that 
has  been  carried 'on  by  our  predecessors.  Mr.  Manly  in 
his  last  presidential  address  outlined  much  important 
work  to  be  done.  If  we  can  accomplish  a  considerable 
portion  of  that  work,  we  will  do  well. 

Society  Growth  and  Work 

The  first  thing  probably  that  commands  our  consid- 
eration is  maintaining  the  growth  of  the  Society.  The 
membership  which  is  being  added  is  of  a  high  order. 
We  believe  that  the  quality  of  the  membership  is  con- 
stantly improving.  When  the  Society  was  first  organ- 
ized, it  of  course  was  an  automobile  engineering  society. 
It  follows  naturally  that  all  the  work  in  connection  with 
the  automobile,  or  what  has  been  called  the  pleasure  car, 
is  further  advanced  than  other  work.  On  the  other  hand, 
the  truck  work  has  been  receiving  very  close  considera- 
tion, and,  as  it  has  come  right  up  along  with  the  automo- 
bile, it  is  in  splendid  shape. 

One  of  the  new  branches  of  the  Society  is  the  Aero- 
nautic Division.  You  are  all  familiar  with  the  state  of 
affairs  in  connection  with  aeronautic  development  in  this 
country  just  before  the  war.  During  the  war  we  made 
great  strides,  very  largely  because  we  had  some  money 
to  spend  on  aeronautics,  and  also  because  we  had  prac- 
tically the  whole  world  to  draw  upon  for  information. 
I  wish  some  of  you  could  have  been  in  my  shoes  during 
the  war  and  had  the  privilege  of  associating  with  the 
very  high-grade  technical  men  who  came  over  here  from 
England,  France  and  Italy  to  teach  us  something  of 
what  they  had  learned  during  three  years  of  war.  They 
caught  our  spirit  of  cooperation;  there  was  nothing  we 
could  ask  them  upon  which  they  would  not  give  us  what 
information  they  could.  When  they  first  came  over 
there  was  a  distinct  tendency  among  the  engineers  to  be 
not  quite  fair  with  one  another.  I  mean  that  the  Eng- 
lish, French  and  Italians  each  gave  us  good  Information, 
but  they  did  not  agree  among  themselves  as  to  what 
should  be  done.  They  were  all  anxious  to  help,  they  all 
did  help  us  a  great  deal  and  we  can  all  take  a  great 
many  lessons  from  what  they  told  us. 

We  learned  a  great  deal  during  the  war,  but  not  very 
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much  has  been  done  since  the  armistice  was  signed. 
What  are  we  going  to  do  about  aeronautics  now?  I  rea* 
lize  that  that  is  a  very  big  problem.  We  must  have  an 
air  program  in  this  country. 

There  are  other  divisions  of  the  Society  that  are  mov- 
ing along  nicely.  The  Tractor  Division- has  a  great  work 
ahead  of  it.  AH  of  the  automotive  branches  can  make 
good  use  of  certain  of  the  standards  that  have  been 
adopted  for  some  time  for  car  work.  Many  new  stand- 
ards musty  however,  be  established.  We  have  commit- 
tees working  diligently  on  this  matter. 

It  is  one  thing  to  criticize  and  another  to  really  accom- 
plish results.  Let  us  all  pull  together  during  the  coming 
year  and  continue  our  demonstration  of  what  genuine 
cooperation  is.  I  can  only  say  that,  with  the  rest  of  the 
new  officers  and  those  holding  over,  I  am  going  to  do 
the  best  I  can.  I  hope  when  we  come  back  here  a  year 
hence,  we  will  have  accomplished  some  results. 

ADDRESS  OF  CHARLES  E.  MITCHELL 

You  automobile  men  with  your  American-made  auto- 
mobiles and  American  internal-combustion  engines  made 
America's  name  famous  throughout  the  world  by  their 
great  achievements  during  the  war. 

There  was  a  time,  not  so  many  years  ago,  when 
the  bankers  of  this  country  did  not  sympathize  very 
strongly  with  the  automobile  men  of  the  United  States. 
We  were  not  altogether  on  friendly  terms.  You  can  re- 
member when  bankers  were  loath  to  lend  on  a  stock  of 
automobiles  on  a  dealer's  floor.  Why?  Because  you 
were  producing  ''spring  hats"  that  went  out  of  style  as 
rapidly  as  the  seasons  passed.  You  were  revolutionizing 
your  product  season  by  season.  Today  you  are  not  only 
preaching  but  practising  standardization,  that  wonderful 
thing  which  Mr.  Vincent  pleads  for  you  to  continue,  and 
urges  you  all  to  stand  for  in  the  coming  year.  Stand- 
ardization has  done  more  for  the  automobile  industry 
from  the  standpoint  of  banking,  credit  and  finance,  than 
any  other  action  which  has  been  taken,  and  I  bow  to  you 
as  the  men  who  have  been  responsible  for  that  step. 

In  reading  one  of  Ferraro's  books,  I  found  that  he 
compared  the  conditions  which  brought  about  the  fall  of 
the  Roman  Empire  with  the  evolution  of  conditions  that 
he  had  observed  in  America.  Ferraro  ascribes  the  cause 
of  the  downfall  of  the  Roman  Empire  to  "excessive  ur- 
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banization" ;  in  other  words,  the  crowding  of  the  people 
to  the  cities.  He  draws  the  parallel  from  the  conditions 
he  observed  in  this  country  and  throws  out  a  warning 
against  the  decline  of  America,  the  fall  of  advanced  civi- 
lization from  the  same  cause.  If  Ferraro  is  right  in  his 
theory,  it  seems  to  me  that  we  can  look  to  you  men  to  see 
that  it  is  only  a  theory,  because  I  believe  that,  beyond 
any  other  single  factor,  the  automobile  and  the  automo- 
tive engineers  are  going  to  counteract  that  force  to 
such  a  degree  that  history  will  not  repeat  itself  in 
America.  You  are  correcting  "excessive  urbanization." 
You  make  it  possible  for  the  man  on  the  farm  to  enjoy 
the  pleasures  of  the  city  to  such  an  extent  that  he  and 
his  children  will  be  more  contented,  get  more  out  of  life, 
and  feel  less  inclined  to  gravitate  to  the  city.  You  make 
it  easy  for  him  to  come  to  the  village  or  the  city  and  to 
take  his  family  to  the  "movies";  you  make  it  possible 
for  him  to  keep  in  touch  with  what  is  going  on.  You 
furnish  him  with  a  conveyance  which  enables  him  to  go 
to  his  store,  or  for  his  doctor,  or  to  visit  his  neighbor, 
almost  as  easily  as  he  could  do  those  things  were  he 
living  in  a  city.  You  make  it  possible  for  that  man,  that 
great  producer  of  things  upon  which  we  live  and  must 
live,  to  enjoy  on  the  farms  of  these  United  States  the 
same  privileges  and  conveniences  that  he  would  enjoy  if 
he  moved  to  town.  If  the  only  danger  that  we  have  to 
look  forward  to  in  America  is  "excessive  urbanization," 
then  I  look  forward  without  worry,  seeing  as  I  do  in  you 
men  and  in  your  industry,  the  force  which  will  always 
take  the  teeth  from  that  danger. 

Economic  Reservoirs 

Very  few  bankers  have  talked  to  groups  of  automobile 
men  without  in  one  way  or  another  getting  into  trouble. 
One  of  the  reasons  is  that  bankers,  for  the  last  two  or 
three  years,  have  continually  had  to  use  the  words 
'^thrift"  and  "saving,"  which  seem  to  be  obnoxious  to 
your  trade.  I  believe  that  you  do  not  hold  any  different 
view  of  thrift  than  I  or  the  bankers  of  America  hold.  We 
do  not  mean  penuriousness ;  we  do  not  mean  saving  here 
and  saving  there  for  the  individual  gain  entirely.  When 
we  talk  about  thrift,  we  mean  setting  up  in  this  coun- 
try economic  and  commercial  reservoirs  of  wealth  which 
permit  the  great  development  of  industry  and  commerce. 
We  want  a  reservoir  of  wealth  built  by  saving,  from 
which  you  cim  attract  the  capital  that  will  enable  you 
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to  plan  and  develop  progressively  while  your  established 
industries  are  at  work  on  plans  long  since  developed. 
We  want  a  reservoir  of  wealth  that,  through  investment, 
will  permit  the  building  of  good  roads,  opening  new  ter- 
ritories for  the  tourist  and  the  truck.  Certainly  your 
industry  will  profit  by  that. 

I  believe  that  there  is  no  disagreement  between  the 
bankers  and  you  on  the  proposition  that  we  must  have 
thrift  in  this  country.  You  want  your  employees  to  save 
something  and  you  encourage  them  by  numerous  meth- 
ods and  plans  to  do  so.  That  is  thrift.  You  want  your 
companies  to  save  some  of  their  profits  as  they  go  along. 
That  is  thrift.  While  you  desire  more  production  that 
there  may  be  enough  of  the  things  that  everybody  wants 
to  go  around,  you  must  appreciate  that  something  must 
be  saved  as  you  go  along ;  and  that  is  thrift.  The  great 
defect  in  the  socialistic  theory  is  that  it  apparently  pro- 
vides that  current  production  should  be  used  to  consume 
current  production,  and  that  there  should  be  no  thrift 
and  saving  and  accumulation  of  wealth.  This  is  the 
great  -  fallacy  of  the  Socialistic  doctrine.  We  have 
statutes  at  this  very  time  which  prohibit  thrift  from  oc- 
curring as  it  should  occur.  We  have  an  excess  profit 
statute  which  means  that  your  companies  are  making 
lavish  and  extravagant  expenditures  that  they  would 
not  make  if  that  law  was  not  on  the  books ;  and  such  ex- 
penditures are  made  because  the  United  States  Govern- 
ment is  paying  a  substantial  part  of  the  bill.  When  the 
profitable  firm  has  reached  a  certain  degree  of  profit 
every  expense  is  considered  in  the  light  of  the  fact  that 
the  United  States  Government  is  paying  a  part  of  the 
bill  of  extravagance.  You  know  as  well  as  I  that  ex- 
travagance is  supplanting  thrift  in  the  commercial  en- 
terprises of  this  country. 

There  is  another  law  on  our  books  that  is  taking  away 
the  incentive  of  thrift,  the  Income  Tax  Law.  It  is  one 
law  that  is  causing  the  men  of  large  incomes  in  this 
country  to  lose  the  incentive  to  save.  They  strive  for 
profit,  but  they  delight  in  deductible  losses.  I  have  seen 
it  in  our  business  for  months  now.  A  man  comes  into 
the  ofiice  and  says,  "I  have  a  loss  that  I  can  deduct  from 
my  income  tax  return,"  and  he  smiles  and  is  happy.  If 
he  comes  in  and  says,  "I  have  a  paper  profit,"  he  looks 
as  if  he  were  going  to  weep  when  he  says,  "but  I  cannot 
include  it,  for  the  Government  will  take  it  away."  We 
are  all  working  to  take  losses,  but  not  to  take  profits 
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from  which  we  can  practise  thrift ;  and  if  we  are  not  able 
to  save,  we  are  unable  to  create  that  great  reservoir  of 
wealth  which  is  necessary  to  commercial  national  devel- 
opment. 

Unwise  Tax  Laws 

There  are  three  reservoirs  of  wealth  in  this  country, 
from  which  we  have  to  draw  for  all  needs  and  develop- 
ments, commercial,  national  and  international.  We 
have  the  reservoir  of  institutioncd  wealth,  the  reservoir 
of  large  personal  wealth  and  the  reservoir  of  small  per- 
sonal wealth.  In  the  past  few  years  the  first  reservoir 
has  been  closed  to  investment  demand  because,  under 
prevailing  commercial  activity  and  general  inflation,  in- 
stitutional accumulation  was  scarcely  adequate  to  meet 
the  regular  commercial  credit  demand.  Institutional 
wealth  has  not  been  available  for  the  buying  of  instru- 
ments of  credit  that  run  over  a  long  period  of  time  and 
support. the  development  of  this  country,  your  roads, 
your  own  factory  extensions  and  improvements.  The 
next  reservoir  has  been  closed  to  investment  demand  by 
the  income  surtax.  For  more  than  two  years  the  man 
of  large  means  has  not  been  buying  bonds  that  are  tax- 
able. He  could  not  do  so.  If  he  bought  a  taxable  bond 
at  par  that  carried  a  6  per  cent  coupon,  he  had  to  give 
up  in  taxes  from  50  to  70  per  cent  of  that  6  per  cent. 
It  is  perfectly  obvious  that  with  what  was  left  to  him 
of  his  income  after  the  tax  collector  had  been  around,  he 
would  not  buy  something  that  would  yield  him  an  in- 
terest return  of  1.8  per  cent.  He  would  rather  buy  tax- 
exempt  securities,  or  go  into  a  speculation,  even  though 
it  were  what  we  may  call  a  wild  speculation,  because,  if 
he  lost,  50  to  70  per  cent  of  the  loss  was  the  Govern- 
ment's loss,  and  if  he  won,  the  return  even  after  pay- 
ment of  taxes  would  be  substantial.  The  third  reser- 
voir, a  broad  one  indeed  but  alas  also  very  shallow, 
has  alone  been  open  for  investment  demand.  That  great 
body  of  small  investors  has  been  increasing  steadily  by 
the  tens  of  thousands  in  recent  years,  but  their  individ- 
ual contributions  are  necessarily  small  and  the  adding 
machine  runs  up  a  total  entirely  inadequate  to  the  coun- 
try's needs.  With  this  last  reservoir  alone  open  to  us 
and  with  that  of  large  personal  wealth  closed,  we  have 
not  been  and  we  shall  not  be  able  to  support  railroad 
extension  and  development,  public  utility  extension  and 
development,  or  the  export  trade.    Let  me  add  that  if 
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the  most  favorable  railroad  bill  that  could  be  conceived 
were  to  be  put  upon  the  statute  books,  if  the  most  favor- 
able public  utility  regulatory  laws  that  could  be  devised 
were  put  on  the  books  of  every  town  and  county  in  the 
United  States,  we  still  could  not  finance  those  utilities 
and  those  railroads  so  that  they  could  extend  and  im- 
prove and  give  the  best  service  to  this  country.  This 
is  because  the  bulk  of  the  financing  must  be  done  through 
fixed  maturity  obligations  for  which  there  is  and  must 
be,  until  our  tax  laws  are  revised,  a  demand  totally  in- 
adequate to  the  supply.  There  are  not  two  railroads  in 
this  country,  I  think  I  am  speaking  conservatively,  that 
could  finance  through  stock  today,  and  as  for  public 
utilities,  none  has  had  the  temerity  to  attempt  stock 
financing  in  many  a  long  month.  In  the  case  of  foreign 
government  finance,  bonds  are  the  only  feasible  form  of 
debt  to  be  offered,  and  we  are  not  able  to  sell  foreign 
government  bonds  in  sufiicient  volume  to  support  an 
export  trade  because  the  institutional  reservoir  and  that 
greater  reservoir  of  large  individual  wealth  are  closed. 
We  have  only  to  look  to  that  great  body  of  small  in- 
vestors whose  total  bond  purchases  fail  to  make  even  a 
dent  in  this  great  foreign  situation. 

Export  trade  is  the  only  basic  form  of  demand  that 
we  have  had  in  the  past  year.  Railroad  commodity  de- 
mand for  improvements  has  been  looked  upon  year  in 
and  year  out  as  barometric  of  the  times.  That  demand 
we  have  not  had  in  1919.  The  demand  of  utility  com- 
panies for  extensions  and  improvements  has  likewise 
been  absent.  Export  demand  is  the  only  basic  one  that 
we  can  point  to  that  has  been  in  evidence  in  the  past 
year  or  is  in  evidence  today.  It  will  pay  us  to  realize 
fully  the  importance  of  the  foreign  demand  for  our  com- 
modities and  to  gage  the  likelihood  of  its  continuance. 
I  do  not  wish  and  do  not  feel  ^hat  I  am  able  to  discuss 
the  question  whether  and  to  what  extent  foreign  coun- 
tries need  our  goods.  There  is  a  great  difference  of 
opinion  on  that.  If  you  read  Sir  George  Paish,  you 
will  think  that  far-spread  famine  and  international  bank- 
ruptcy are  threatening  unless  Europe  gets  our  goods 
by  the  billions.  If  you  read  Mr.  Hoover's  recent  state- 
ment, you  will  see  he  thinks  we  do  not  have  to  do  very 
much  to  keep  Europe  from  hunger  during  the  coming 
year.  Authorities  differ.  Frankly,  I  do  not  know 
whether  Europe  and  the  countries  that  have  been  devas- 
tated by  war  absolutely  need  our  goods  or  not.    The  one 
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thing  that  I  am  sure  of  is  that  we  must  have  the  export 
trade;  that  trade  we  cannot  get  along  without. 

Export  Trade  Essential 

I  have  heard  the  statement  made  often  enough  that 
we  are  a  self-contained  country  and  can  get  along  with- 
out any  export  trade.  There  never  was  a  more  ridicu- 
lous statement.  Let  us  take  one  illustration.  In  the 
South  they  grow  12,000,000  bales  of  cotton  a  year.  We 
have  facilities  in  this  country  for  turning  into  fabrics 
between  6,000,000  and  6,000,000  bales  of  that  crop.  The 
remainder  must  move  in  foreign  trade.  Now,  unless 
we  can  find  the  way  to  export  the  rest  of  that  crop  and 
finance  that  movement,  you  will  see  cotton  back  up  in 
the  Southy  lying  in  the  hands  of  factors  or  unsold  in  the 
hands  of  producers,  with  non-liquidatable  cotton  paper 
crowding  the  banks.  Under  such  circumstances  the 
Southern  farmer  will,  from  necessity  and  not  from 
choice,  reduce  his  producing  acreage  and  curtail  his  use 
of  labor.  He  will  retrench;  his  labor  will  retrench; 
The  commodity  buying  of  the  South  will  be  at  a  low  ebb 
indeed.  How  long  will  the  now  prosperous  South  con- 
tinue to  buy  your  automobiles  when  that  occurs?  No, 
we  are  not  a  self-contained  country  today.  Given  time, 
say  five  years,  we  might,  by  readjusting  the  character 
of  production,  become  self-contained,  but  as  matters 
stand  this  year  we  must  have  an  export  trade.  You 
may  disagree  and  contend  that  the  activity  of  domestic 
commerce,  the  degree  of  domestic  buying  in  all  lines  of 
commodities,  will  keep  our  factories  going  and  bring  a 
continuance  of  prosperity;  but  I  answer  that  the  domes- 
tic buying  movement  of  today  is  unbasic,  unnatural  and 
ephemeral  in  character.  The  money  that  is  being  spent 
so  lavishly  today  is  very  largely  money  that  has  been 
made  easily,  during  the  war  and  since,  and  it  is  being 
spent  just  as  easily.  It  is  money  that  was  saved  and 
invested  in  'Liberty  Bonds  during  the  period  when  we 
enforced  thrift  in  this  country,  and  such  investments 
are  being  cashed  in,  as  the  mental  burden  of  the  war  is 
lifted.  We  are  having  distribution  of  wealth  today,  to 
be  sure,  as  the  result  of  our  tax  system,  but  is  that  small 
wealth  in  the  majority  of  cases  being  saved  in  any  sub- 
stantial part?  No,  it  is  being  spent,  and  we  are  having 
a  buying  demand  as  a  result  thereof  such  as  this  coun- 
try has  never  seen.    What  will  stop  it?    I  see  no  imme- 
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diate  stoppage,  except  as  this  export  demand  ceases. 
Then  it  would  stop  rapidly,  for  our  raw  products  would 
back  up  on  the  farm  and  in  the  producing  communities 
to  such  an  extent  that  from  one  end  of  the  country  to 
the  other  you  would  find  a  curtailment  of  buying  power 
that  would  extend  to  the  city  and  throughout  the  land. 
I  say  that  we  must  have  export  trade !  But  export  trade 
can  be  had  only  as  it  can  be  financed.  How  have  we 
done  it  in  the  past,  and  how  can  we  continue  to  do  it?. 

The  balance  of  trade  in  our  favor  in  this  past  year 
was  approximately  $4,000,000,000.  We  established  dol- 
lar credits  for  that  to  the  extent  of  about  $1,750,000,000 
out  of  the  balance  of  the  $10,000,000,000  fund  created 
by  the  United  States  Government  for  foreign  lending. 
We  were  able  to  distribute  foreign  government  securi- 
ties to  the  American  public  to  a  total  of  approximately 
$250,000,000  above  the  necessary  refunding  operations 
and  there  was  left  $2,000,000,000,  the  financing  of  which 
we  can  account  for  only  in  one  major  way.  The  mer- 
chants, the  manufacturers  and  the  exporters  of  this 
country  supplied  credits  privately,  to  foreign  buyers. 
Now  while  those  credits  were  not  made  directly  by  banks 
and  did  not  perhaps  find  lodgment  collaterally  in  banks, 
they  always  affected  the  banking  position  because  they 
drew  from  the  quick-asset  position  of  each  man  or 
corporation  who  extended  the  credits.  Either  bank  de- 
posits were  reduced  or  bank  loans  were  increased  in  the 
aggregate  of  this  approximately  $2,000,000,000  balance. 

Credit  Expansion 

During  the  war,  and  in  the  past  year,  we  have  been 
leaning  heavily  upon  the  Federal  Reserve  Banking  Sys- 
tem, a  system  that  has  permitted  great  expansion  dur- 
ing and  since  the  war  period.  Higher  prices  for  every- 
thing, high  wages,  greater  stocks  of  material  in  transit, 
larger  inventory  accounts  and  increasing  receivable  ac- 
counts, have  all  shovni  in  that  bank  statement,  week  by 
week,  the  expansion  of  the  loan  and  currency  accounts 
and  decreasing  reserve  ratios.  But  there  is  a  roof  even 
to  the  credit  expansion  of  the  Federal  Reserve  Bank. 
There  is  a  point  to  which  the  Federal  Reserve  Bank  is 
not  able  to  go  in  the  expansion  of  credit  in  this  coun- 
try. We  are  gradually,  and  I  am  sorry  to  say  not  very 
gradually  at  that,  approaching  that  point.  You  have 
heard  the  Governor  of  the  Federal  Reserve  Bank  in 
Washington  sound  many  a  note  of  warning  in  recent 
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months;  and  that  warning  must  become  a  commanding 
note.  One  thing  is  certain,  your  banking  system  can- 
not support  this  year  a  repetition  of  the  expansion  that 
occurred  in  1919  through  the  export  trade  balance  of 
$2,000,000,000.  It  would  seem  likely  that  export  trade 
would  fall  off  sharply  in  1920.  If  it  does,  I  ask  you  to 
judge  whether  the  present  degree  of  national  prosperity 
can  continue?  What  can  be  done  to  save  the  situation? 
We  can  practice  individual  and  corporate  thrift,. and  by 
paying  off  our  borrowings  see  to  it  that  the  banks  are 
relieved.  We  can  thus  make  a  hole  in  the  credit  ex- 
pansion of  the  Federal  Reserve  Bank  into  which  we  can 
tuck  additional  credits  for  foreign  trade.  There  are, 
perhaps,  two  possible  other  ways,  though  frankly  I  am 
hopeful  of  neither.  One  is  to  sell  the  securities  of  for- 
eign governments  or  industries  to  the  American  public. 
We  have  been  discouraged  about  that  of  late,  because  we 
find  that  the  American  public  generally  is  not  over  eager 
for  foreign  securities,  and  we  must  under  existing  tax 
laws  eliminate  large  individual  wealth  as  a  buying  fac- 
tor. The  total  of  such  securities  that  we  are  able  to  dis- 
tribute at  present  makes  no  more  than  a  dent  in  the  sit- 
uation. The  other  possible  way  is  through  further  lend- 
ing by  the  United  States  Government.  But  the  United 
States  Government,  through  the  office  of  the  Secretary 
of  the  Treasury,  has  announced  that  it  does  not  propose 
to  make  any  more  loans.  I  do  not  know  how  the  Gov- 
ernment could  make  any  loans,  except  as  it  raised  the 
money  by  issuing  a  non-discountable  bond  of  some  sort, 
which  I  doubt  if  the  country  would  leap  to  take  in  any 
great  volume.  I  do  not  believe  that  the  United  States 
Government  will  and  I  am  not  saying  it  should  do  it. 
The  way  to  finance  foreign  trade  is  through  private 
capital,  but  taxation  is  the  block.  I  believe  that  our 
legislators  will  not  reverse  their  position  on  personal 
taxation,  for  the  mass  of  unthinking  voters  would 
scarcely  be  sympathetic.  But  it  is  essential  to  American 
commerce  that  our  tax  laws  be  revised. 

Things  in  Washington  today  are  not  measured  by 
commercial  advantage.  In  this  presidential  election  year 
they  are  measured  by  the  yardstick  of  political  expedi- 
ency, and  except  as  you  and  I,  through  our  efforts  ex- 
erted to  the  utmost,  can  change  popular  opinion  and 
let  the  legislator  who  has  his  ear  to  the  ground  know 
that  popular  opinion  calls  for  measures  that  will  save 
the  situation,  I  feel  that  nothing  will  be  done.    And  so 
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I  see  troubled  waters  ahead.  I  see  a  time  for  commer- 
cial caution.  Mind  you,  I  am  not  a  pessimist;  I  believe 
in  the  American  people  right  down  to  the  ground.  I  be- 
lieve in  America.  I  believe  that  in  the  end,  America, 
with  her  great  natural  resources,  wealthier  by  far  than 
any  other  country  on  the  face  of  the  globe,  with  such 
men  as  you  in  the  vanguard  of  progress,  and  with  her 
great  fundamentally  sane  working  classes,  aside  from 
those  who  have  claimed  to  be  in  that  class  and  who  are 
now  "the  goods"  in  the  export  movement  that  is  taking 
place  from  Ellis  Island,  will  "carry  on"  to  a  premier 
position  among  the  nations  of  the  world. 

I  am  not  afraid  of  the  future.  The  future  of  the  next 
year  or  two  is  not  altogether  clear,  but  as  to  beyond 
that  period,  I  am  a  great  optimist.  We  may  have  some 
depression,  something  that  will  bring  about  a  deflation 
in  our  prices,  a  deflation  in  currency,  possibly  a  defla- 
tion in  labor,  all  of  which  are  desirable  and  probably  ab- 
solutely necessary  things  that  will  put  us  where  we  must 
be,  in  the  leadership  of  the  nations  of  the  world. 

ADDRESS  OF  MAJOR  ARTHUR  BLES 

I  will  tell  you  tonight  something  about  the  psycho- 
logical aspect  of  the  great  war,  and  of  what  we  must 
do  to  make  the  sacrifice  to  which  America,  in  common 
with  all  other  rightly  thinking  nations,  consented,  a  use- 
ful sacrifice  and  not  a  futile  waste  of  life,  money  and 
time.  I  have  been  told  since  I  came  to  this  country  that 
the  American  people  would  not  listen  to  stories  of  the 
war  now  that  it  is  all  over.  First,  it  is  not  all  over; 
any  clear-minded  person  can  see  that  at  once;  and  sec- 
ondly, I  am  certain  that  the  desire  to  forget  the  war  is 
only  a  fleeting  expression  of  a  passing  state  of  mind, 
for  no  country  that  reveres  its  great  men  as  this  coun- 
try does,  and  in  the  hearts  of  whose  people  are  enshrined 
such  great  courageous  citizens  as  George  Washington, 
Abraham  Lincoln  and  Theodore  Roosevelt,  can,  in  its 
heart  of  hearts,  wish  to  forget  those  splendid  American 
soldiers,  who,  as  soon  as  they  were  able  to  do  so  legally 
and,  as  I  know  from  experience,  a  great  many  of  them 
did  not  wait  for  that  moment  to  join  hands  with  us, 
went  across  and  helped  us  to  win  the  greatest  victory 
in  the  history  of  the  world. 

It  is  an  axiom  of  statesmanship  that  we  must  prepare 
for  war  if  we  wish  to  retain  peace,  and  we  know  that  if 
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Ensrland  and  America  had  been  ready  for  war  and  had 
had  armies  on  Continental  lines  in  1914,  the  world  would 
have  been  spared  the  appalling  disaster  which  overtook 
it  and  upset  things  to  such  an  extent  that  even  now, 
fifteen  months  after  it  is  all  over,  we  are  no  nearer  the 
normal  condition  of  affairs  than  we  were  on  armistice 
day.  On  all  sides  we  have  strikes,  not  as  in  pre-war 
days,  simply  for  higher  wages  enabling  men  to  live 
under  better  conditions,  but  strikes  of  a  clearly  revolu- 
tionary character,  such  as  the  great  railroad  strike  in 
England  organized  by  German  money  to  upset  the  life 
of  the  country  and  play  into  our  late  enemy's  hands, 
and  such  as  your  own  longshoremen  and  miners  declared 
recently,  in  which  the  hand  of  Germany  through  the 
I.  W.  W.  is  again  as  clear  as  the  writing  on  the  wall. 

Did  not  Germany  imagine  in  1914  that  the  British 
Radicals  and  the  French  Socialists  would  prevent  Eng- 
land and  France  from  putting  forth  their  full  effort? 
And  now  that  we  have  won,  do  you  think  that  Germany 
is  attempting  to  forget  the  war?  I  know  by  experience 
that  she  is  not,  and  in  spite  of  her  camouflage  revolution 
and  the  foundation  of  her  so-called  Imperial  Republic, 
I  know  that  the  men  who  started  the  great  war  are  still 
at  her  council  tables. 

War  Not  Over 

Germany  is  very  angry,  for  she  has  not  only  been 
beaten  as  no  other  nation  in  the  world  ever  was  beaten, 
but  she  has  been  humiliated  by  every  clause  of  the  armi- 
stice and  the  Treaty  of  Peace,  and  she  is  not  only  biding 
her  time  for  taking  her  revenge,  but  she  is  preparing 
actively.  She  will  not  do  it  above  board  and  we  need 
look  for  no  on 'ward  and  visible  signs  of  her  prepara- 
tions, but  she  is  none  the  less  dangerous,  and  if  she  can 
ever  make  us  pay  for  the  humiliation  she  is  undergoing 
at  present,  she  will  not  fail  to  do  so  and  charge  us  1000 
per  cent  interest  on  her  outlay. 

And  yet  I  am  asked  to  believe  that  the  greatest  republic 
in  the  world  wishes  to  forget  the  war  now  that  it  is  all 
over.  You,  yourselves,  have  not  even  as  yet  signed  the 
material  instrument  of  peace.  Even  if  you  had,  the  war 
will  not  be  over  until  Germany  has  given  irrefutable 
proof  of  her  sincere  repentance  and  determination  to  play 
straight  in  the  future.  Up  to  the  present  all  indications 
point  in  the  opposite  direction. 

To  celebrate  the  return  of  your  armies  from  France 
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you  raised  a  beautiful  triumphal  arch  at  the  junction  of 
Broadway  and  Fifth  Avenue,  bearing  on  its  pediment 
the  inscription,  "In  memory  of  those  who  made  the  su- 
preme sacrifice  for  the  triumph  of  the  free  people  of  the 
world  and  for  the  promise  of  an  enduring  peace,"  and 
lower  down,  names  which  will  make  the  American  sol- 
dier glorious  for  all  time ;  Seicheprey,  Cantigny,  Bel- 
leau  Wood,  Chateau  Thierry,  the  Marne,  St.  Mihiel. 
Now  is  it  fair  to  the  men  who  at  the  cost  of  their  lives 
or  their  bodily  strength  placed  those  names  on  the  flag 
of  your  country  that  you  should  even  try  to  forget  the 
war?  What  is  the  use  of  raising  monuments  to  them 
in  our  cities  if  we  are  going  to  forget  them  in  our 
hearts?  We  cannot  get  away  from  the  essential  fact 
that  to  forget  the  war  means  forgetting  those  who  won 
it  for  us. 

I  am  convinced  that  if  the  story  of  the  war  be  told 
In  the  right  way,  divested  of  all  its  horrors  and  misery, 
but  on  the  contrary  clothed  in  all  its  splendor  of  intelli- 
gent heroism,  no  people  in  the  world  would  be  more 
anxious  to  hear  about  the  war  than  the  keen,  eager-for- 
knowledge  people  of  this  country.  By  the  right  way,  I 
mean  showing  how  the  war  was  won  by  superior  brains, 
what  incredible  mistakes  Germany  made  in  both  diplo- 
macy and  strategy,  and  how  in  every  instance  advan- 
tage was  taken  of  those  mistakes,  by  the  Allied  leaders, 
for  the  cause  of  right  against  apparently  invincible 
might.  It  is  of  the  utmost  importance  that  we  should 
bear  this  constantly  in  mind,  for  it  means  that  if  we 
wish  we  can  maintain  our  commercial  supremacy  in  the 
coming  fight  for  the  world's  markets  with  the  same  facil- 
ity as  that  with  which  -We  maintained  our  military  su- 
premacy on  those  glorious  fields  of  France  and  Flanders. 
And  it  must  not  be  lost  sight  of  that  Germany  will  wage 
this  new  war  with  just  as  much  bitterness  as,  and  with 
far  greater  skill  than,  she  displayed  in  her  fight  for 
military  laurels. 
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OF  INDUSTRIAL  DEVELOPMENT 

By  Charles  M  Manly      J* 

It  is  probable  that  there  has  never  been  a  time  in  the 
history  of  the  world  when  there  has  been  a  more  com- 
plete disorganization  of  the  fundamental  processes  of  in- 
dustry than  has  been  experienced  by  all  mankind  since 
the  close  of  the  Great  War.  Just  as  the  conduct  of  the 
war  was  perhaps  the  greatest  illustration  that  has  ever 
been  given  of  the  power  of  cooperative  effort,  in  which 
personal  and  national  selfishness  was  so  largely  buried 
while  the  prevailing  public  opinion  was  that  nothing 
would  be  worth  while  unless  the  great  peril  was  over- 
come, so  has  the  year  through  which  we  have  just  passed 
been  perhaps  the  greatest  illustration  of  the  disorganiz- 
ing effect  of  uncertainty  and  indecision,  including  a  rapid 
change  in  the  standard  or  basis  of  value,  accompanied 
by  an  attempt  on  the  part  of  the  artisans  of  the  world 
to  secure  simultaneously  a  readjustment  of  the  relative 
proportion  to  be  allotted  to  them  of  the  proceeds  of  in- 
dustry. 

The  world  seems  to  have  acted  very  much  as  a  man 
on  a  debauch.  After  spending  billions  of  its  accumu- 
lated wealth  and  millions  of  its  man-power,  the  people 
in  a  half-dazed,  undecided  way  have  stood  around  wait- 
ing in  vain  for  the  distribution  of  the  mythical  prizes, 
apparently  fearing  that  if  they  became  too  busily  en- 
gaged in  real  work  they  would  not  get  their  share  of 
the  spoils  of  war.  This  manifestation  of  personal  and 
group  selfishness  was  a  natural  and  inevitable  result  of 
the  momentous  disturbance  of  the  equilibrium  of  the 
standards  of  value  which  has  occurred,  and  was  bound  to 
occur  in  connection  with  such  a  tremendous  expenditure 
of  wealth  and  man-power.  From  the  beginning  of  time 
there  has  been  a  constant  struggle  of  all  human  beings 
to  secure  each  for  himself  a  larger  share  of  the  wealth 
of  the  world;  and  the  desire  and  the  struggle  have  nat- 
urally been  keener  among  those  having  a  direct  part  in 
the  later  stages  of  the  production  of  the  increase  in  the 
world's  wealth,  than  among  those  whose  activities  in  con- 
nection with  the  creation  of  wealth  was  less  direct. 
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Fundamentally,  wealth  is  stored  or  accumulated  usable 
work  or  that  which  can  be  duplicated  or  replaced  only 
by  work.  We  speak  of  the  wealth  of  the  world  having 
increased  from  generation  to  generation.  Aside  from 
the  change  in  the  standard  of  value,  this  increase  has 
been  almost  entirely  one  of  the  accumulated  usable  work, 
or  of  that  which  would  require  work  to  produce  an 
equivalent,  where  the  term  "work"  is  taken  in  its  broad- 
est meaning  to  cover  not  merely  physical  but  mental 
effort  directed  by  knowledge  as  well.  The  most  basic 
measure  of  value  is  work  properly  directed  by  knowl- 
edge. The  wealth  of  the  world  has  increased  from  gen- 
eration to  generation  largely  because  knowledge  has  en- 
abled a  definite  amount  of  human  effort  te  produce  an  in- 
creased amount  of  the  things  fundamentally  required  to 
sustain  life,  and  to  transport  these  things  so  as  to  main- 
tain the  proper  ratio  between  supply  and  demand.  The 
increase  in  wealth  has,  I  think,  been  in  exact  step  with 
the  increase  in  knowledge,  for  it  is  only  through  knowl- 
edge that  effort  can  produce  an  increasingly  greater 
result. 

Application  of  Technological  Knowledge 

The  keystone  of  this  knowledge,  that  has  so  directed 
effort  as  to  enable  it  to  produce  this  increased  wealth, 
has  been,  and  always  will  be,  technological  knowledge. 
Effort  that  has  had  no  technological  knowledge  to  direct 
it  to  a  useful  result  has  added  very  little  to  the  accumu- 
lated wealth  of  the  world.  The  pyramids  have  been 
cited  from  time  immemorial  as  monuments  to  man's  van- 
ity, but  to  me  they  seem  to  be  perhaps  the  greatest 
monuments  extant  to  technological  knowledge,  in  that 
they  consumed  more  human  effort  than  even  the  digging 
of  the  Panama  Canal,  and  yet,  through  the  lack  of  tech- 
nological aim  or  guidance  toward  a  useful  result,  they 
are  as  useless  as  the  Desert  of  Sahara.  Standing  at 
the  other  end  of  the  row  of  monuments  to  technological 
knowledge  are  the  hydroelectric  powerplants  of  the  world, 
which  seem  to  me  to  be  the  greatest  illustration  possi- 
ble of  the  creation  of  wealth  through  technological  knowl- 
edge, for  they  take  energy  that  nature  is  wasting  in  the 
most  profligate  manner  and  convert  it  into  a  readily 
usable  form  of  power,  thereby  decreasing  not  only  the 
drain  on  the  world's  supply  of  fuel,  but  the  human  effort 
that  would  be  expended  in  connection  with  transforming 
tiiunined  fuel  into  a  similar  amount  of  power.    Undoubt- 
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edly  the  largest  portion  of  the  world's  increi^se  in  wealth 
has  been  achieved  through  the  application  of  mechanical 
power  in  place  of  human,  or  animal,  physical  exertion. 
So  long  as  mankind  was  confined  to  the  physical  exertion 
of  human  being;;  or  animals  to  produce  power,  the  total 
wealth  of  the  world  could  change  very  little,  because  the 
surplus  beyond  that  necessary  to  produce  the  essentials 
of  subsistence  of  the  men  and  animals  producing  the 
power  could  never  be  very  great.  Perhaps  as  good  an 
illustration  as  any  of  the  fact  that  neither  largeness  of 
population  nor  greatness  of  natural  resources  of  them- 
selves constitute  national  wealth,  is  that  of  China,  a  na- 
tion with  teeming  millions  of  man-power  and  wonderful 
deposits  of  coal,  iron  and  other  natural  resources,  which 
yet,  owing  to  its  lack  of  technological  direction  of  its  in- 
dustries, is  utilizing  neither  its  man-power  nor  its  nat- 
ural resources  in  converting  these  potentialities  into  real 
wealth.  On  the  other  hand,  most  of  its  more  than  400,- 
000,000  people  exist  on  what  appears  to  us  to  be  the 
most  meager  allowance  possible  of  the  fundamental  neces- 
saries of  life,  and  yet  expend,  in  securing  this,  several 
times  the  amount  of  physical  effort  really  necessary.  Pic- 
ture to  yourself  what  a  wonderful  change  would  be 
wrought  in  these  conditions,  in  even  so  short  a  period  as 
10  years,  were  the  technological  guidance  of  this  coun- 
try, or  even  of  the  at  present  despised  Germans,  con- 
centrated for  that  length  of  time  upon  directing  the 
man-power  of  China  in  th6  development  of  its  industries. 
We  naturally  feel  appalled  in  contemplating  the  tre- 
mendous loss  of  man-power,  the  destruction  of  materiel 
and  the  enormous  burdens  of  national  debts  which  have 
resulted  from  the  war,  especially  in  the  European  coun- 
tries most  deeply  involved  in  the  colossal  struggle.  The 
situation  would  indeed  appear  almost  hopeless,  were  it 
not  for  the  ability  of  technological  knowledge  to  direct 
human  effort  so  that,  with  the  aid  of  mechanical  power, 
not  only  can  the  loss  of  man-power  be  readily  met,  but 
the  materiel  can  be  quickly  replaced  and  a  large  sur- 
plus be  readily  produced  with  which  to  discharge  the 
national  debts  in  a  very  short  time.  These  results,  how- 
ever, absolutely  cannot  be  produced  unless  and  until  each 
of  the  nations  concerned  utilizes  in  the  fullest  measure 
the  directing  power  of  the  technological  knowledge  of 
the  present  day.  In  this  work  of  regeneration  those 
countries  that  already  possess  not  only  a  large  body  of 
technologically  trained  men  but  also  large,  undeveloped 
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or  potential  resources,  will  be  the  first  to  replace  the 
lost  man-power  with  mechanical  power  and  create  and 
market  the  surplus  necessary  to  lift  the  burden  of  debt. 
In  those  countries  where  there  is  a  deficiency  of  techno- 
logically trained  men,  the  first  concern  should  be  to  sup- 
ply this  deficiency  by  training  them,  or  securing  trained 
men  of  other  nationalities.  In  those  countries  where 
there  is  a  deficiency  of  natural  resources,  it  will  be  nec- 
essary to  utilize  technological  training  to  a  still  greater 
extent  to  use  more  efficiently  both  the  man-power  and 
the  natural  resources  that  are  available.  What  can  be 
done  in  this  way  was  brought  very  forcibly  to  our  atten- 
tion by  the  results  achieved  by  Germany  during  the 
war,  in  utilizing  her  body  of  technologically  trained  men 
to  increase,  far  beyond  what  was  thought  possible,  the 
supply  of  her  man-power,  and  to  make  its  relatively 
meager  natural  resources  yield  the  utmost  in  food, 
clothing  and  other  necessary  materiel.  In  fact,  in  the 
early  stages  of  the  war,  the  superior  ability  of  Germany 
along  technological  lines  was  very  heavily  felt  by  the 
Allies,  and  I  doubt  not  that  had  Great  Britain,  'France 
and  Italy  had  as  relatively  large  and  well-trained  bodies 
of  technical  men  as  Germany,  the  war  would  have  been 
won  by  them  long  before  we  plunged  into  it. 

There  is  not  the  slightest  doubt  in  my  mind  that,  if 
Great  Britain  has  really  as  a  nation  learned  the  great 
lesson  of  the  war,  that  technological  knowledge  is  the 
keystone  of  strength  and  wealth,  and  applies  it  not 
merely  by  utilizing  her  present  force  of  technical  men 
to  the  best  advantage,  but  by  greatly  extending  the 
training  of  her  coming  generations  in  technological 
knowledge,  she  will,  with  her  vast  experience  in  and 
facilities  for  comtnerce,  not  only  very  quickly  overcome 
her  loss  of  man-power  and  wipe  out  her  burden  of  debt, 
but  also  build  up  an  accumulation  of  wealth  that  will 
make  her  previous  credit  balances  seem  insignificant. 
If  she  does  not  both  greatly  increase  her  force  of  tech- 
nically trained  men  and  utilize  them  in  directing  her 
industries,  neither  her  potential  wealth  in  her  colonies, 
nor  her  experience  in  and  facilities  for  commerce,  will 
bring  her  in  the  surplus,  beyond  her  necessities,  for 
quickly  lifting  her  burden  of  debt.  Even  though  Ger- 
many, as  the  price  of  her  wanton  folly,  has  been  sad- 
dled with  a  burden  of  indemnities  that  is  counted  as 
staggering,  and  she  appears  to  be  "hamstrung"  to  such 
an  extent  that  many  able  financiers  seriously  question 
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whether  her  ability  to  pay  the  indemnities  is  not  being 
greatly  jeopardized,  still,  it  is  my  opinion,  that  unless 
all  precedents  in  history  are  upset,  and  Germany  is  pre- 
vented from  entering  freely  into  the  commerce  of  the 
vtrorld,  she  will,  through  the  utilization  of  her  technical 
men  in  directing  her  industries,  within  a  few  genera- 
tions, have  lifted  her  burdens  of  debt  and  begun  the 
accumulation  of  a  large  store  of  national  wealth. 

Trend  op  National  Affairs 

While  technological  knowledge  is  being  or  should  be 
used  in  regenerating  the  other  nations  of  the  earth, 
what  is  going  to  be,  and  must  be,  the  course  of  affairs 
in  our  country?  We  already  have  an  authoritative  pre- 
diction of  a  shortage  of  not  less  than  5,000,000  laborers 
in  connection  with  the.  industrial  activities  which  must 
be  maintained  in  this  year  of  1920,  even  without  allowing 
for  any  such  normal  annual  expansion  of  our  industries  as 
we  have  been  accustomed  to.  Furthermore,  it  does  not 
appear  likely  from  present  indications  that  the  so-called 
laboring  men  will  exert  themselves  beyond  the  point 
normally  expected  of  them;  in  fact,  it  appears  that  if 
the  laboring  men  exert  themselves  beyond  75  per  cent  of 
that  normally  expected  of  them  it  will  be  through  some 
miraculous  power  operating  on  their  moral  conscious- 
ness. The  answer  to  this  must  be  that  technological 
knowledge  will  be  immediately  applied  to  a  far  greater 
extent  even  than  heretofore  in  our  industries.  The  lack 
of  man-power  must  be  made  up  by  the  still  greater  use 
of  mechanical  power  in  place  of  human  effort,  and  still 
greater  strides  must  be  made  in  efficiently  utilizing  hu- 
man effort  where  mechanical  power  cannot  yet  re- 
place it. 

Consider  for  a  moment  the  conditions  which  exist  in 
this  country  in  connection  with  such  a  basic  industry 
as  the  mining  of  coal.  Every  ounce  of  coal  produced  in 
the  pit  mines,  which  constitute  the  largest  portion  of 
our  producing  capacity,  is  handled  at  least  once  by  man- 
ual labor,  with  the  miner  doing  this  work  under  condi- 
tions where  the  human  effort  is  expended  at  less  than  50 
per  cent  of  the  efficiency  possible  under  normal  condi- 
tions. It  has  been  stated  by  competent  authorities  that, 
by  the  use  of  power-operated  mechanical  devices  already 
available,  the  cost  of  mining  coal  in  the  pit  mines  and 
delivering  it  to  the  surface  at  the  mines  can  be  readily 
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reduced  to  one-fifth  of  the  present  cost.  This  means 
that  by  the  proper  utilization  of  technical  knowledge  and 
devices  we  already  possess,  at  least  four-fifths  of  the  man- 
power now  engaged  in  pit  coal  mining  can  be  released 
for  'supplying  the  deficiencies  existing  in  other  indus- 
tries. The  objection  will  no  doubt  be  raised  that  it  is 
the  opposition  of  the  miners  themselves  that  has  pre- 
vented the  introduction  of  these  devices  in  the  mines. 
The  answer  to  this  is,  I  think,  that  if  the  devices  were 
installed,  and  the  men  who  were  put  to  operating  them 
were  given  part  of  the  saving  effected  thereby,  they 
would  quickly  overcome  their  objections,  and  the  men 
who  were  released  would  very  soon,  through  the  demand 
for  man-power  in  other  industries,  be  found  to  have 
gone  into  other  work  where  the  conditions  of  employ- 
ment and  living  are  superior  to  those  now  existing  in 
the  coal-mining  industry. 

Let  us  hope,  however,  that  no  attempt  will  be  made  to 
bring  about  such  a  change  by  legislation.  We  have  to- 
day a  bigger  surplus  of  legislation  than  of  any  one  thing 
or  combination  of  things.  What  is  needed  is  a  clear, 
honest  statement  of  the  conditions  prevailing  in  such 
industries,  and  an  equally  honest  statement  of  the  reme- 
dies to  be  applied,  and  public  opinion  will  have  a  quicker 
effect  in  causing  the  remedy  to  be  applied  than  all  the 
legislation  that  can  possibly  be  enacted. 

The  greatest  stroke  of  economy  that  this  country 
could  effect  today  would  be  achieved  if  the  majority 
of  the  legislators  in  the  country  could  be  replaced  by 
honest,  fearless  and  broad-minded  business  and  profes- 
sional men  who  could  be  depended  upon  to  be  free  from 
partisanship  and  self-interest;  even  if  the  salary  paid 
to  each  of  these  legislators  were  $25,000  a  year.  The 
"high  cost  of  legislation"  is  the  most  expensive  thing 
we  have  today.  No  particular  group  of  so-called  labor- 
ing men  are  in  themselves  fundamentally  important,  any 
more  than  any  particular  lot  of  capital  is  fundamentally 
important,  for  there  is  no  industrial  occupation  in  which 
we  cannot,  in  a  short  time,  train  a  group  of  men  to 
work  efficiently.  Capital  and  labor  are  both  necessary  to 
all  industries  and  both  must  have  a  fair  return  or  they 
will  not  operate  in  that  industry,  and  no  amount  of  leg- 
islation can  coerce  them  into  doing  so.  The  most  ex- 
pensive theatrical  performances  staged  in  this  country 
are  those  of  our  legislators,  and  not  only  do  we  have  to 
pay  for  them,  although  we  fool  ourselves  into  thinking 
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we  have  not  subscribed  for  season  tickets,  but  the  real 
cost  of  the  performances  has  increased  at  a  ^rreater  rate 
than  that  of  any  commodity. 

The  Automotive  Field 

In  our  own  field  of  automotive  en^rineering  the  possi- 
bilities seem  almost  limitless.  It  is  still  less  than  20 
years  since  the  automobile  operated  by  the  internal- 
combustion  engine  came  into  real  public  use,  and  yet  to- 
day there  are  more  than  6,000,000  automobiles  running 
on  the  public  highways  of  this  country,  and  the  industry 
of  manufacturing  them  has  grown  to  third  rank  in  value 
of  product,  of  the  great  industries  of  the  country.  The 
horsepower  of  all  these  automobiles  is  more  than  120,- 
000,000,  or  more  than  1  hp.  for  every  man,  woman  and 
child  of  the  nation.  If  this  total  horsepower  were  in 
large  units,  under  the  management  of  relatively  few 
men,  and  these  had  to  be  trained  specially  to  control  it, 
the  increase  in  the  efficiency  of  human  effort  would  be 
only  a  minute  fraction  of  what  it  now  is  with  the  horse- 
power distributed  into  6,000,000  units,  each  readily  con- 
trollable by  an  operator  who  has  no  technical  knowledge 
or  training,  who  has  only  the  most  meager  experience, 
and  who  does  not  even  need  to  know  the  whys  or  where- 
fores of  any  part  of  the  mechanism,  but  merely  knows 
from  experience  the  result  of  the  most  simple  operations 
of  the  controls.  With  the  domestic  demand  for  auto- 
mobiles today  exceeding  the  supply  to  a  greater  extent 
probably  than  has  been  the  case  at  any  previous  time, 
and  witii  an  almost  limitless  foreign  demand  beginning, 
and  appearing  likely  to  grow  by  leaps  and  bounds  with 
the  awakening  of  the  nations  that  at  present  are  sleep- 
ing or  rioting,  it  would  be  strange  indeed  if  the  industry 
did  not  double  or  treble  its  present  value  of  output  in 
the  coming  years. 

In  the  motor-truck  division  of  our  field  we  are  com- 
mencing to  see  a  real  acceleration  in  the  rate  at  which 
it  is  displacing  animal  power.  It  is  in  this  division  of 
the  automotive  field  that  I  expect  to  see  the  greatest 
rate  of  growth  within  the  next  few  years.  It  is  also 
here  that  some  of  the  engineering  problems  that  are 
still  to  be  worked  out  are  of  the  greatest  importance. 
With  the  railroads  hampered  as  they  are  likely  to  be  bv 
excessive  legislation,  and  with  the  cost  of  labor  double 
what  it  was  only  a  few  years  ago,  more  and  more  ad- 
vantage is  accruing  to  motor  trucking  in  competition 
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with  the  railroads.  This  is  especially  true  in  inter-city 
haulage  on  the  score  of  cost,  aside  from  the  very  great 
advantage  which  it  gives  in  the  decreased  cost  of  pack- 
ing, lessened  damage  to  the  goods  from  handling,  in- 
creased speed  of  delivery  and,  above  all,  the  certainty 
of  prompt  arrival  to  meet  the  scheduled  requirements. 
With  the  several  million  motor  trucks  that  will  be  re- 
quired for  this  work,  as  well  as  for  intra-city  haulage, 
rural  motor  express,  and  work  in  connection  with  farm- 
ing, mining  and  the  other  basic  industries,  the  automo- 
tive engineers  have  yet  to  do  a  larger  amount  of  engi- 
neering work  than  they  have  ever  undertaken.  This 
will  consist  in  developing  systems  of  operation  and  re- 
pair and  the  collection  of  data  in  connection  therewith, 
so  that  not  only  will  the  human  effort  to  be  expended 
for  these  purposes  be  reduced  to  the  minimum,  but  costs 
can  be  stated  just  as  definitely  in  advance  for  these 
operations  as  they  can  for  manufacturing.  And  this 
work,  including  that  of  transportation  engineering,  is 
beyond  all  question  that  of  the  automotive  engineer,  for 
it  is  certainly  automotive,  and  I  trust  that  in  this  So- 
ciety, which  has  been  noted  for  its  breadth  of  view  as 
to  the  real  meaning  of  engineering,  there  is  today  no 
tendency  to  take  a  definition  less  broad  than  that  one 
which  appears  to  be  so  apt,  and  inscribed  on  the  walls  of 
this  very  building  we  are  now  in,  reads 

Engineering,  the  art  of  organizing  and  directing  men, 
and  controlling  forces  and  materials  of  nature  for 
the  benefit  of  the  human  race 

In  the  aeronautical  division  of  automotive  engineer- 
ing we  are  entering  upon  the  new  era  of  the  application 
of  the  machines  to  commercial  purposes,  and  the  prob- 
lems for  the  automotive  engineer  to  solve  in  this  work 
are  of  a  higher  order  and  greater  in  number  than  in 
any  other  division  of  the  field.  In  the  regeneration  of 
the  finances  of  the  world,  aeronautical  machines  are,  I 
feel  certain,  destined  to  play  a  most  important  part.  The 
time  limit  on  human  life  has  not  changed  appreciably 
in  thousands  of  years,  and  is  not  likely  to  change  in 
thousands  more.  Anything,  therefore,  that  saves  time  is 
certain  to  be  utilized  to  the  fullest  extent  possible  by 
mankind.  No  other  known  mode  of  transportation  can  com- 
pare with  aeronautical  in  the  speed  with  which  distance 
can  be  overcome,  and  for  this  reason,  if  for  no  other, 
the  development  of  aeronautical  machines  in  commerce 
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is  sure  to  increase  at  an  unprecedentedly  rapid  rate. 
In  opening  up  the  unexplored,  as  well  as  the  heretofore 
known  inaccessible  regions  of  the  earth,  so  that  techno- 
logical knowledge  can  be  applied  to  developing  the  ma- 
terials of  nature  existing  there  and  utilizing  them  in 
lifting  the  great  burdens  of  the  war,  aeronautical  ma- 
chines will  enable  a  minimum  expenditure  of  capital  and 
labor  to  convert  into  quick  assets  these  potential  riches 
that  would  otherwise  remain  dormant  for. several  gen- 
erations. The  wealth  created  by  the  opening  up  of  our 
"Golden  West"  will  seem  small  in  comparison  with  that 
which  will  be  created  by  the  opening  up  by  aeronautical 
transportation  of  the  at  present  inaccessible  and  unex- 
plored regions  of  the  earth. 

In  the  tractor  division  of  our  field  there  is  most  im- 
portant engineering  work  to  be  done  before  the  farm 
can  be  completely,  or  even  largely,  motorized.  Flexibil- 
ity in  structure,  operation  and  combination  of  units  and 
.accessibility,  ease  of  repair,  service  with  full  inter- 
changeability  of  parts  and  ruggedness  and  durability 
are  all  problems  in  which  important  advances  must  be 
made  before  the  power  tractor  can  win  the  full  confi- 
dence of  the  farmer.  While  the  ideal  in  all  mechanism 
is  the  "shark's  tooth,"  which  comprises  a  single  moving 
part,  still- 1  do  not  think  that  to  be  successful  the  farm 
tractor  has  necessarily  to  be  made  with  any  fewer  parts 
than  other  automotive  vehicles.  But  it  should  have  as 
few  parts  as  is  consistent  with  producing  the  necessary 
result.  A  horse  is  complicated,  and  so  is  a  watch,  and 
the  farmer  uses  both  and  seems  to  get  along  well  with 
them,  for  they  are  each  suited  to  the  work  they  have  to 
do.  But  today  the  farmer's  watch  tells  him  that  he 
cannot  afford  to  let  a  given  amount  of  work  take  as 
much  time  as  a  horse  requires  for  it,  now  that  labor 
has  become  as  scarce  and  high-priced  as  it  is. 

In  the  motorboat  field  we  shall  assuredly  see  a  rapid 
increase  in  the  transportation  of  freight  by  power  boats 
with  the  increasing  use  of  engine-operated  loading  de- 
vices carried  by  the  boats.  There  is  also  certain  to  be 
a  continued  increase  in  the  size  of  the  boats  and  in  the 
amount  of  power  which  they  will  carry.  The  improve- 
ment in  the  thermal  efficiency  of  the  heavier-type  en- 
gines for  boats  will  undoubtedly  lead  to  the  continual 
replacement  of  the  steam  engine  in  larger  and  larger 
boats. 

In  the  stationary  gas  engine  field  we  are  only  scratch- 
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ing  the  surface  of  our  opportunities.  The  increased 
cost  of  labor,  and  the  uncertainty  of  its  supply,  is  bound 
to  result  in  an  enormous  extension  of  the  stationary  gas 
engine,  enabling  one  man  to  accomplish  the  results 
heretofore  produced  by  several.  This  will  include  not 
only  the  farmer  and  the  building  contractor,  but  also  the 
forester,  the  excavator,  the  road  builder  and  men  in 
practically  every  industry  where  electric  power  is  not 
readily  available. 

While  we  are  so  busily  engaged  on  all  the  wonderful 
developments  and  extensions  of  the  work  of  the  automo- 
tive engineer  to  facilitate  travel,  trade  and  commerce, 
we  must  not  forget  that  the  nature  and  selfish  ambi- 
tions of  mankind  have  not  changed  to  any  great  extent 
in  the  last  thousands  of  years,  and  that  they  are  not 
likely  to  change.  We  must  therefore  during  our  peace- 
ful pursuits  prepare  for  the  next  war,  for  there  will  be 
another  and  still  others,  and  the  importance  of  automo- 
tive engineering  in  connection  with  the  wars  to  come 
will  be  so  great  that  we  must  be  as  thoroughly  prepared  * 
as  foresight  can  make  possible.  The  work  of  our  cooper- 
ative committee  which  was  appointed  by  the  Council  at 
the  request  of  the  Ordnance  Department  to  assist  its 
own  engineers  in  determining  plans  for  the  complete 
motorization  of  that  department,  must  be  given  the  at- 
tention which  it  deserves.  Furthermore,  the  militarj' 
and  naval  side  of  aeronautics  must  be  kept  not  only 
thoroughly  abreast  of  that  of  the  most  advanced  nation, 
but  as  far  in  the  lead  as  possible.  In  the  next  impor- 
tant war  not  only  will  the  first  great  blow  be  likely  to 
come  from  the  air,  but  such  rapid  ones,  and  so  many 
of  such  great  force,  will  probably  be  struck  that  the 
nation  that  is  not  fully  prepared  aeronautically  for  land 
and  sea  operations  will  be  likely  to  go  the  way  of  the 
nations  of  the  past. 

Increased  Society  Activity 

If  we,  as  a  Society,  are  to  measure  up  fully  to  the 
great  opportunities  that  lie  before  us  for  advancing  the 
work  of  the  automotive  engineer  through  coordination 
and  dissemination  of  information  in  connection  with  the 
rapid  and  large  expansions  that  are  sure  to  come  in  the 
many  divisions  of  our  field,  we  must  utilize  and  expand 
the  work  of  the  Sections  of  the  Society  and  make  them 
living,  virile  branches  of  the  main  organization.  In  my 
remarks  at  the  Summer  Meeting  last  June  I  spoke  of 
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the  srreat  importance  to  the  Society  of  the  work  of  the 
Sections,  and  expressed  the  detiermination  to  aid,  in 
whatever  way  was  found  possible,  in  increasing  the  pro- 
fessional side  of  their  activities. 

One  of  the  greatest  impressions  left  upon  the  minds 
of  the  general  public  by  the  war  is  the  power  of  co- 
operation, and  one  of  the  most  important  factors  in 
achieving  cooperation  is  organization.  Three  of  the 
necessary  elements  that  must  be  agreed  upon  in  advance 
to  enable  successful  organization  to  be  achieved  are  aim, 
scope  and  plan.  I  am  thoroughly  satisfied  that  we,  as 
engineers,  will  fall  far  short  of  our  opportunities  in  the 
immediately  approaching  years,  if  we  do  not  get  into 
proper  step  with  the  tendency  of  the  times  and  take  an 
active  part  in  securing  the  general  cooperation  of  the 
technological  engineers  of  this  country.  Our  aim  should 
be  as  broad  as  the  definition  I  have  previously  quoted  of 
"Engineering,"  to  render  the  greatest  service  possible 
to  mankind  in  general,  and  our  Nation  in  particular, 
through  the  direction  of  human  effort  along  technologi- 
cal lines  and  the  conservation  of  our  natural  resources, 
and  to  secure  suitable  public  recognition  of  the  proper 
status  of  the  engineer.  The  scope  of  the  organization 
should  change  from  time  to  time  as  the  possibilities  and 
exigencies  of  the  situation  require.  The  plan  must  fit 
the  scope,  and  must  be  carefully  guarded  to  prevent  over- 
organization.  Both  the  scope  and  the  plan  will  natur- 
ally be  subjects  of  wide  differences  of  opinion,  but  if  we 
are  equal  to  our  opportunities,  we  shall  certainly  be  able 
to  agree  on  suitable  compromises,  for  the  very  ground- 
work of  cooperation  is  compromise.  The  breadth  of  our 
mental  training  and  capacity  will  be  largely  measured 
by  our  willingness  to  keep  away  from  pettiness. 

While  we  must  be  most  careful  to  exclude  any  taint 
of  politics  from  our  objects  and  our  point  of  view,  still 
we  must  of  necessity  take  a  deep  interest  in  legislation 
that  affects  the  public  welfare  along  lines  in  which  our 
technological  training  makes  us  especially  competent  to 
judge  the.  wisdom  thereof,  and  it  is  our  duty  to  speak  as 
a  body  in  most  definite  terms  on  such  matters,  and  to 
insist  upon  being  heard.  If  we  are  as  potent  as  I  be- 
lieve we  are,  and  have  described  us  as  being,  in  helping 
to  shape  the  welfare  of  mankind,  we  should  not,  in  these 
important  matters  upon  which  we  are  most  competent 
to  speak,  hold  our  tongue  for  fear  of  transgressing  some 
unwritten  law  or  code  that  is  based  upon  the  theory  that 
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the  men  who  never  does   anything  never  makes  mis- 
takes. 

In  this  matter  of  shaking  off  conventions  that  have 
hobbled  our  freedom  of  expression  concerning  subjects 
on  which  our  special  training  and  experience  qualify  us 
to  speak  and  act,  and  of  securing  proper  recognition  for 
what  we  do  accomplish,  we  shall  miss  the  greatest  im- 
portunities for  proper  recognition  that  have  ever  pre- 
sented themselves  if  we  do  not,  in  connection  with  the 
drastic  changes  which  are  taking  place  in  industry, 
seize  all  available  opportunities  of  demonstrating  that 
not  only  is  technological  training  and  experience  no  han- 
dicap to  a  business  executive,  but  that  it  is  the  best 
foundation  possible  for  the  successful  administration  of 
the  business  of  industry.  If  we  cannot  keep  free  from 
pettiness,  this  last  suggestion  is  based  upon  a  false 
premise. 
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MIXTURE  REQUIREMENTS  OF 
AUTOMOBILE  ENGINES 

By  O  C  Berry^ 


The  paper  is  based  upon  the  results  of  tests  made  by 
the  Purdue  Engineering  Experiment  Station  to  study 
the  effect  upon  engine  performance  of  varying  the  pro- 
portions of  fuel  to  air  in  the  mixture,  and  its  object 
is  to  determine  the  variation  in  the  mixture  require- 
ments of  an  engine  at  different  rates  of  flow  of  air 
through  the  carbureter.  The  method  of  conducting 
the  tests  is  described.  The  results  are  plotted  in  the 
charts  shown  and  are  discussed  in  some  detail,  special 
discussion  regarding  the  effect  of  speed  and  load  being 
presented,  and  the  facts  brought  out  by  the  tests  are 
summarized.  In  the  general  discussion  that  follows, 
four  definite  conclusions  regarding  the  richness  of  the 
fuel  mixture  in  its  relation  to  the  maximum  power  are 
stated,  and  a  like  number  of  definite  conclusions  con- 
cerning the  richness  of  the  mixture  in  relation  to  max- 
imum efficiency  are  also  given.  The  further  conclu- 
sions are  that  it  is  impossible  for  a  carbureter  to  sup- 
ply an  engine  with  the  mixture  required  for  the  highest 
efficiency  at  all  speeds  and  loads,  and  that  the  Purdue 
tests  show  that  the  maximum  power  is  obtained  when 
using  a  wet  mixture,  the  coldest  that  can  be  carbu- 
reted satisfactorily. 

To  design  any  piece  of  machinery  intelligently,  it  is* 
necessary  to  know  just  what  requirements  will  have  to 
be  met  by  the  finished  product.  In  the  case  of  the  car- 
bureter complete  and  accurate  information  on  this  point 
is  not  ayailable.  This  fact  is  pointed  out  in  the  Second 
Annual  Report  of  the  National  Advisorj'  Committee  for 
Aeronautics.  This  report,  in  speaking  of  the  object 
to  be  accomplished  in  carburetion,  says, 

It  must  be  admitted  that  there  is  no  convincing  ex- 
perimental proof  available  from  engine  tests  to  estab- 
lish definitely  just  what  sorts  of  mixture  give  the  best 
results  in  engines;  whether,  for  example,  they  should 


^Associate  professor  of  gas  and  automotive  engrlneering,  Purdue 
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be  constant  or  variable  in  proportions  of  air  to  fuel, 
and  whether  also  they  should  be  dry  or  wet  and,  if 
the  latter,  how  much  moisture  is  permissible  and  in 
what  form. 

The  art  of  carburetion  is  spoken  of  as  just  emerging 
from  the  experimental  stage  and  previous  carbureter 
designs  as  worked  out  on  a  cut-and-try  basis.  To  the 
engineers  of  carbureter  manufacturing  companies  that 
maintain  large  experimental  laboratories  this  may  seem 
harsh  and  only  partly  true,  as  these  men  undoubtedly 
have  considerable  information  of  this  character  upon 
which  they  base  their  designs.  This  information  is  not 
made  public,  however,  and  even  the  United  States  Gov- 
ernment does  not  have  access  to  it,  as  is  indicated  by 
the  quotation  above. 

In  view  of  the  amount  of  money  invested  in  the  auto- 
motive industry,  the  essential  place  this  industry  occu- 
pies in  our  social  structure,  the  great  cost  of  the  fuel 
used  each  year  and  the  ever-increasing  prospect  of  a 
serious  fuel  shortage,  it  would  seem  worth  while  to 
develop  a  comprehensive  and  accurate  technology  of  car- 
buretion and  have  the  information  available  to  all. 
Recognizing  this  situation,  the  Purdue  Engineering 
Experiment  Station  has  been  making  a  study  of  the 
effect  upon  the  performance  of  an  engine  of  varying 
the  proportions  of  the  fuel  to  air  in  the  mixture. 

This  paper  is  based  upon  the  results  of  these  tests 
and  has  for  its  object  a  determination  of  the  varia- 
tion in  the  mixture  requirements  of  an  engine  at  differ- 
ent rates  of  flow  of  air  through  the  carbureter.  This  is 
one  step  toward  the  object  to  be  accomplished  in  carbu- 
retion and  enables  the  presentation  of  the  information 
desired  in  the  form  that  will  be  the  most  useful  to  carbu- 
reter designers.  A  careful  presentation  will  be  made  of 
the  line  of  thought  and  the  types  of  test  data  that  have 
led  to  the  final  conclusions.  The  great  number  ef  tests 
and  curves  that  form  the  background  for  the  conclusions 
will  be  found  in  the  bulletin  referred  to. 

Purdue  University  Test  Apparatus 

The  apparatus  used  in  these  tests  was  described  in  a 
paper"  presented  before  the  Indiana  Section  in  1916  in 
which  a  portion  of  the  present  data  was  also  included. 


*See  S.  A.  E.  Transactions,  vol  12,  part  1,  p.   312. 
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This  information  is,  however,  so  necessary  to  the  purpose 
of  this  paper  that  it  is  presented  again. 

The  apparatus  was  designed  to  give  accurate  results 
and  to  make  each  test  as  short  as  possible,  because  such 
a  large  number  of  tests  are  necessary  to  bring  out  the 
desired  information.  It  includes  an  engine  connected 
to  an  electrical  dynamometer,  delicate  scales  for  weigh- 
ing the  fuel,  a  large  diaphragm  meter  for  measuring  the 
air  and  electrical  equipment  for  starting  and  stopping 
the  tests.  In  most  of  the  tests  a  4%-in.  bore  by  4%-in. 
stroke  four-cylinder  Willys-Knight  engine  was  used. 
The  speed  of  the  engine  was  read  on  a  tachometer  and 
checked  by  stop-watch  and  revolution-counter  readings. 
The  torque  was  weighed  by  a  sensitive  scale. 

One  of  the  special  features  was  the  method  of  keep- 
ing constant  the  amount  of  mixture  used  per  minute  in 
each  series  of  tests.  It  is  not  easy  to  set  ai)  ordinary 
butterfly  throttle  so  that  it  will  not  move,  or  in  case 
it  does,  to  reset  it  in  the  original  position  when  making 
check  runs.  For  this  reason  the  throttle  was  removed 
and  a  thin  steel  plate  with  a  round  orifice  placed  between 
the  carbureter  and  the  intake  manifold.  The  size  of  the 
orifice  was  chosen  so  that  the  engine  would  pull  the 
load  at  the  desired  speed  when  the  mixture  was  properly 
adjusted.  It  was  found  that  by  keeping  the  speed  of 
the  engine  constant  and  metering  the  mixture  through 
this  orifice,  the  weight  of  air  used  per  minute  was  nearly 
constant  at  a  constant  barometric  pressure  no  matter 
what  the  richness  of  the  mixture. 

Method  op  Condtjcting  the  Tests 

The  method  of  conducting  the  tests  was  similar  in  all 
cases  and  will  be  presented  in  the  form  of  a  description 
of  the  first  series  of  tests.  Here  the  object  was  to  deter- 
mine the  effect  on  the  performance  of  an  engine  of 
changing  the  fuel  to  air  proportions.  The  orifice  placed 
between  the  carbureter  and  the  manifold  was  of  such  size 
that  when  the  best  mixture  was  used  the  engine  would 
develop  about  half  of  its  rated  load  at  1000  r.p.m.,  at 
which  speed  the  tests  were  then  run. 

The  engine  was  carefully  warmed  up  and  the  carbu- 
reter adjusted  to  provide  a  good  pulling  mixture.  The 
air  entering  the  carbureter  was  heated  to  300  deg. 
fahr.,  and  the  cooling  water  at  the  outlet  to  200  deg. 
fahr.,  and  the  dynamometer  scales  balanced.  The  gaso- 
line beaker  was  then  filled  and  the  readings  of  the  various 
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test  instruments  recorded.  When  the  fuel  scale  came 
to  a  balance,  the  electrical  equipment  rang  a  gong  and 
started  the  stop-watch,  the  revolution  counter  and  the 
hand  on  the  dial  of  the  air  meter.  A  weight  correspond- 
ing to  the  amount  of  gasoline  to  be  used  was  then 
removed  from  the  scale  pan  and  the  attention  of  the 
operators  was  concentrated  upon  keeping  the  tempera- 
ture of  the  cooling  water  at  200  deg.  and  that  of  the 
air  entering  the  carbureter  at  300  deg.,  balancing  the 
dynamometer  scales  and  maintaining  a  speed  of  1000 
r.p.m. 

When  the  fuel  scales  again  came -to  a  balance,  the  record- 
ing instruments  were  electrically  stopped  and  the  alarm 
sounded.  The  various  readings  were  again  taken  and 
the  test  run  ended.  The  weight  of  gasoline  per  pound 
of  air  in  the  mixture,  the  power  and  the  thermal  effi- 
ciency of  the  engine  were  then  computed.  The  first  point 
on  each  of  the  curves  shown  in  Fig.  1  could  then  be 
plotted. 

The  mixture  was  next  made  slightly  richer  by  open- 
ing the  gasoline  needle,  and  the  brake  load  was  adjusted 
to  hold  the  speed  at  1000  r.p.m.  A  second  test  was 
made  under  these  conditions  and  another  point  on  each 
of  the  curves  determined.  This  was  repeated  until  the 
engine  would  begin  to  miss.  The  amount  of  gasoline 
was  then  decreased  step  by  step  during  a  series  of  tests 
until  the  mixture  was  so  lean  that  the  engine  would  not 
perform  properly.  This  process  was  repeated,  making 
the  mixture  alternately  richer  and  leaner  until  a  large 
number  of  determinations  had  been  made.  The  results 
when  plotted  gave  the  desired  information  vnth  satis- 
factory clearness. 

Discussion  of  the  Results 

When  a  single  series  of  tests  is  run  in  a  continuous 
sequence  from  the  lean  to  the  rich  end  of  the  mixture 
range,  the  plotted  points  tend  to  fall  in  a  consistent  line 
and  the  results  seem  to  have  an  accuracy  that  they  do 
not  possess.  However,  if  the  series  is  repeated  back 
and  forth  a  number  of  times,  the  points  will  vary  some- 
what from  the  original  line  and  show  clearly  the  degree 
of  accuracy  being  attained.  An  engine  running  under 
what  seem  to  be  constant  conditions  will  vary  in  its  per- 
formance and  the  best  apparatus  is  liable  to  a  certain 
amount  of  error,  so  that  before  any  far-reaching  con- 
clusions are  drawn  from  the  experimental  results  it  is 
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desirable  to  know  their  limits  of  accuracy.  For  this 
reason  the  points  in  Fig.  1  were  obtained  as  outlined 
above.  Since  Fig.  1  represents  one  of  the  first  series 
of  tests  to  be  run,  this  work  was  done  at  the  beginning 
of  the  entire  series  of  tests  before  the  observers  became 
so  expert  as  they  were  later,  but  it  is  felt  that  the  errors 
are  never  greater  than  are  indicated  here. 

The  vertical  line  in  Figs.  1  to  1,  inclusive,  at  0.067, 
represents  the  chemically  perfect  mixture,  or  the  one  in 
which  there  is  just  enough  oxygen  in  the  air  to  burn 
the  fuel  without  excess  of  either  fuel  or  air.  This  value 
was  determined  irom  data  in  Bulletin  No.  43  of  the 
Bureau  of  Mines.    On  pages  18  and  19  of  this  bulletin 
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appear  the  chemical  analyses  of  several  samples  of  gaso- 
line varying  somewhat  in  specific  gravity,  such  as  was 
used  in  the  Purdue  tests.  *  It  is  there  shown  that  the 
amount  of  air  required  for  the  perfect  combustion  of 
gasolines  of  this  general  character  is  substantially  con- 
stant. 

The  curves  show  that  the  engine  will  run  with  a  mix- 
ture as  lean  as  0.06  lb.  of  gasoline  per  lb.  of  air,  but 
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will  not  pull  well  with  so  lean  a  mixture.  The  test  log 
shows  that  misses  frequently  occur  under  this  condition, 
but  that  the  performance  becomes  better  as  the  mixture 
is  made  richer,  until  at  0.066  lb.  every  cylinder  fires 
regularly.  The  highest  thermal  efficiency,  17.25  per  cent, 
is  obtained  at  0.063  lb.,  when  the  engine  is  developing 
91  per  cent  of  its  maximum  power  with  this  orifice  at 
1000  r.p.m.  The  maximum  power  is  obtained  with  a 
mixture  of  about  0.0775  lb.  of  fuel  per  lb.  of  air,  at  which 
point  the  thermal  efficiency  is  15.4  per  cent.  The  rich- 
est mixture  that  can  be  fired  regularly  is  about  0.1276 
lb.,  but  the  engine  will  function  irregularly  with  mix- 
tures as  rich  as  0.135  lb.    Nearly  full  load  can  be  carried 
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with  a  mixture  as  lean  as  0.065  lb.  or  as  rich  as  0.115  lb. 
In  other  words,  a  carbureter  can  be  adjusted  with  as 
lean  a  mixture  as  can  be  used  to  carry  full  load,  and  the 
amount  of  gasoline  can  be  nearly  doubled  without  greatly 
affecting  the  power  developed  or  the  smoothness  of  run- 
ning of  the  engine.  No  piissing  or  irregularity  of  run- 
ning will  appear,  and  the  chief  difference  in  the  perform- 
ance that  can  be  noted  is  the  more  rapid  combustion 
with  mixtures  which  approach  the  chemically  perfect  mix- 
ture as  compared  with  a  very  rich  or  a  very  lean  mixture. 
A  slight  metallic  knock  which  disappears  as  the  mixture 
is  made  very  rich  or  very  lean,  is  present  when  a  mixture 
approaching  the  chemically  perfect  one  is  used. 

In  applying  the  information  obtained  from  these  tests 
to  other  conditions,  it  must  be  remembered  that  these 
results  are  for  half  load  at  1000  r.p.m.,  when  a  warm 
mixture  that  was  dry  as  it  left  the  intake  manifold  was 
employed.  Before  applying  the  conclusions  to  other 
conditions  one  must  learn  the  effect  of  the  load,  the 
speed  and  the  temperature  and  dryness  of  the  mixture 
upon  the  mixture  requirements,  power  and  efficiency  of 
an  engine. 

Effect  of  Speed  and  Load 

Since  the  rate  of  flow  of  the  mixture  through  the  car- 
bureter varies  with  the  speed  of  the  engine,  it  was  neces- 
sary to  know  not  only  the  mixture  requirements  of  the 
engine  at  a  certain  speed,  but  also  the  effect  of  speed  upon 
the  mixture  requirements.  To  investigate  this  point  a 
series  of  tests  was  carried  out  on  a  Haynes  six-cylinder 
engine.'  The  apparatus  arrangement  and  method  of 
carrying  out  these  tests  were  the  same  as  in  the  first 
series.  In  this  case  the  engine  was  run  at  about  half 
load  each  time,  but  at  speeds  of  400,  700,  1000,  1300 
and  1600  r.p.m.  Fig.  2  shows  the  power  curves  for  all 
the  speeds  plotted  together  and  Fig.  3,  their  accompany- 
ing efficiency  curves. 

These  tests  show  that  the  mixture  giving  the  maximum 
power  is  not  noticeably  affected  by  the  speed,  but  that  at 
high  speeds  the  engine  cannot  maintain  its  power  with 
as  much  excess  fuel  oi*  with  so  lean  a  mixture  as  at  lower 
speeds.  The  latter  fact  is  explained  by  the  slower  burn- 
ing which  accompanies  very  rich  and  very  lean  mixtures. 
The  mixture  giving  the  highest  efficiency  is  also  un- 
changed by  speed.  The  practical  result  of  these  tests 
therefore  indicates  that  within  the  range  of  mixtures 
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giving  the  best  engine  performance,  the  speed  does  not 
affect  the  mixture  requirements  of  the  engine  either 
for  maximum  power  or  for  the  maximum  efficiency. 

In  connection  with  this  series  of  tests  it  must  be 
admitted  that  the  apparatus  is  not  sufficiently  sensitive, 
nor  is  the  number  of  tests  large  enough  to  demonstrate 
conclusively  that  speed  has  no  effect  upon  the  mixture 
requirements  of  an  engine.     However,  they  do  demon- 


0 

oos 


ao7  QP9  an 

Poundeof  ©as«irne  per  Pound  of  Dry  Air  m  Mixture 
Fio.    4 


0« 


Digitized 


by  Google 


120 


THE  SOCIETY  OF  AUTOMOTIVE  ENGINEEBS 


strate  that  the  effect  is  not  large  and  it  is  my  opinion 
that  it  is  very  small,  so  small  in  fact  that  carbureter 
designers  are  warranted  in  proceeding  upon  the  basis 
that  engine  speed  has  no  effect  upon  the  quality  of  mix- 
ture desired. 

Since  the  rate  of  flow  of  the  mixture  through  the 
carbureter  varies  with  the  load  carried  by  the  engine, 
it  was  therefore  necessary  to  determine  the  effect  of 
the  load  upon  the  mixture  requirements.  The  third 
series  of  tests  was  designed  to  investigate  this  point. 
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The  apparatus  and  method  of  procedure  were  iden- 
tical with  those  just  described,  except  that  in  this 
case  a  separate,  series  of  tests  was  run  with  each  of  a 
series  of  orifices  of  different  sizes  corresponding  to  dif- 
ferent throttle  openings.  The  smallest  orifice  was  just 
large  enough  to  permit  carrying  a  small  load  at  1000 
r.p.m.,  the  largest  one  was  for  full  load,  and  the  others 
were  for  intermediate  ones.  By  comparing  the  curves 
obtained  from  the  different  series  of  tests,  the  effect  on 
the  mixture  requirements  of  the  engine  of  changing 
the  brake  load  carried  becomes  very  clear.  This 
entire  group  of  tests  was  first  carried  out  with  the  tem- 
perature of  the  air  entering  the  carbureter  held  at  150 
deg.  fahr.,  and  was  repeated  later  with  this  temperature 
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raised  to  300  deg.  This  was  done  to  determine  the  rela- 
tive effect  of  dry  and  wet  mixtures  as  affecting  the 
results  and  the  conclusions  drawn  from  the  tests.  Both 
series  of  tests  are  presented  here. 

Fig.  4  shows  the  power  curves  for  the  tests  made  with 
150  deg.  air  and  Fig.  5,  the  corresponding  efficiency 
curves.  Fig.  6  shows  the  power  curves  for  the  check 
runs  with  300  deg.  air,  and  Fig.  7,  the  corresponding 
efficiency  curves.  These  tests  bring  out  the  following 
facts: 

(1)  The  mixture  giving  maximum  power  does  not  vary 
materially  with  the  brake  load  carried,  but  remains 
constant  at  about  0.0775  lb.  of  gasoline  per  lb.  of 
dry  air 

(2)  At  light  loads,  the  engine  will  not  operate  well 
with  as  wide  a  range  of  mixtures  as  it  can  use 
when  carrying  more  nearly  its  full  capacity 

(3)  The  mixture  giving  the  maximmn  thermal  effi- 
ciency becomes  leaner  as  the  brake  load  is  in- 
creased, especially  between  no  load  and  half  load. 
At  light  loads  the  mixtures  for  maximum  power 
and  efficiency  coincide  at  0.0775  lb.  of  gasoline  per 
lb.  of  air,  while  at  full  load  the  best  efiiciency 
accompanies  0.062  lb. 

General  Discussion  of  Results 
In  the  bulletin  referred  to  a  number  of  conclusions 
are  drawn  relative  to  the  richness  of  the  mixture  for 
the  maximum  power  and  efficiency.  On  account  of  lack 
of  space  the  reasons  for  all  of  these  conclusions  cannot 
be  given,  but  the  conclusions  themselves  are  of  consid- 
erable interest  and  will  be  presented. 

Regarding  the  richness  of  the  mixture  in  its  rela- 
tion to  the  maximum  power,  the  following  conclusions 
seem  warranted: 

(1)  There  is  a  very  definite  range  of  fuel  mixtures 
that  will  give  the  maximum  power  in  any  engine, 
when  the  temperature  of  the  mixture  is  such  as 
to  make  proper  carburetion  possible.  This  range 
extends  a  little  above  and  a  little  below  0.0775  lb. 
of  gasoline  per  lb.  of  dry  air 

(2)  The  engine  requirements  as  to  the  richness  of  the 
mixture  for  maximum  power  production  are  not 
appreciably  affected  by 

(a)  The  speed  of  the  engine 

(b)  The  load  carried  by  the  engine 

(c)  The  load  of  the  carbureter  used' 

(d)  The  type  of  the  engine  used' 


■Unless  through  the  items  listed  under  (3)  page  125. 
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(3)  The  engine  requirements  as  to  the  richness  of  the 
mixture  for  the  production  of  the  maximum  power 
are  affected  by 

(a)  The  dryness  of  the  mixture 
(6)  The  quality  of  the  fuel  used 

(c)  The  equality  of  mixture  distribution  to 

the  different  cylinders 

(d)  The  uniformity  of  the  mixture  of  the 

fuel  and  air  in  each  cylinder 

(4)  The  range  of  mixtures  through  which  approxi- 
mately full  power  will  be  produced  is  very  wide, 
the  richer  mixtures  containing  more  than  twice  as 
much  fuel  as  the  leaner  ones.    This  range  will  vary 
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somewhat  with  the  brake  load  carried,  being  widest 
at  about  half  load,  where  with  a  dry  mixture  the 
engine  will  fire  regularly  when  consuming  0.055 
lb.  of  gas  per  lb.  of  air,  pull  substantially  maximum 
load  between  0.065  and  0.115  lb.  and  continue  to 
fire  regularly  up  to  0.1275  lb.  At  full  load  this 
range  is  diminished  slightly,  but  at  a  very  light 
load  it  is  narrowed  for  regular  firing  to  between 
0.070  and  0.095  lb.  A  study  of  the  curves  in 
Figs.  4  and  6  makes  these  facts  evident 

In  all  cases  the  figures  quoted  are  for  warm,  dry 
mixtures.  If  the  mixtures  are  cold  and  wet  the  figures 
will  be  higher,  and  the  engine  will  not  run  with  some 
of  the  leanest  mixtures  quoted  here  unless  both  engine 
and  mixture  are  hot.     . 

A  question  may  well  be  asked  as  to  why  it  is  that  the 
maximum  power  is  produced  when  excess  fuel  is  pres- 
ent, rather  than  with  a. chemically  perfect  mixture.  Two 
factors  are  probably  responsible  for  this.  In  the  first 
place  the  fuel  is  never  quite  uniformly  mixed  with  th^ 
air,  so  that  when  the  total  air  and  gasoline  are  in 
proper  proportion  some  parts  of  the  mixture  are  too 
lean.  The  main  reason,  however,  is  the  fact  that  when 
a  rich  mixture  is  used  the  hydrogen  tends  to  burn  in 
preference  to  the  carbon,  leaving  a  deposit  of  carbon 
in  the  cylinder.  The  effect  of  this  upon  the  power  of 
the  engine  may  be  understood  by  its  analogy  to  the 
case  of  the  combustion  of  methane,  CH,.  The  com- 
bustion of  1  cu.  ft.  of  methane  requires  9.56  cu.  ft.  of 
air  and  will  produce,  at  82  deg.  fahr.  and  14.7  lb. 
pressure,  1072  B.t.u.  To  burn  the  hydrogen  out  of  2 
cu.  ft.  of  methane  will  require  the  same  amount  of  air 
but  will  produce  1392  B.t.u.  Thus  more  power  will  be 
produced  with  the  richer  mixture. 

In  respect  to  the  richness  of  the  mixture  in  its  rela- 
tion to  maximum  effkiency,  the  following  conclusions 
seem  warranted: 

(1)  There  is  a  very  definite  richness  of  fuel  mixture 
that  will  give  maximum  efficiency  under  given  run- 
ning conditions  of  the  engine 

(2)  The  requirements  of  the  engine  as  to  the  richness- 
of  the   mixture   for   maximum   efficiency   are   not 
materially  affected  by 

(a)   The  speed  of  the  engine 

(h)   The  type  of  the  carbureter  used* 

(c)  The  type  of  engine  used* 


^Unless  through  the  items  listed  under  (3)  on  page  125. 
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(3)  The  requirements  of  the  engine  as  to  the  richness 
of  the  mixture  for  maximum  efficiency  are  af- 
fected by 

(a)   The  brake  load  carried 
(h)  The  dryness  of  the  mixture  at  the  end 
of  the  compression  stroke 

(c)  The  type  of  fuel  used 

(d)  The  uniformity  of  the  distribution   of 
fuel  to  the  various  cylinders 

(e)  The  thoroughness  of  the  mixing  of  fuel 
and  air  in  each  cylinder 

(4)  The  range  of  mixtures  through  which  approxi- 
mately the  highest  efficiency  is  obtained  is  very 
narrow.  This  is  in  distinct  contrast  to  the  situ- 
ation relative  to  the  generation  of  power  and  the 
smooth  running  of  the  engine,  and  accounts  in  part 
for  the  fact  that  many  engines  run  well  and  de- 
velop good  power  but  prove  very  inefficient  in 
their  use  of  gasoline 

The  effect  of  the  brake  load  carried  upon  the  mixture 
requirements  of  an  engine  when  warm  dry  mixtures 
are  used  is  represented  graphically  in  Fig.  8.  In  de- 
veloping these  curves  Figs.  5  and  6  were  referred  to 
and  the  mixture  giving  the  maximum  efficiency  at  each 
brake  load  was  estimated.  These  brake  loads  were  then 
expressed  as  percentages  of  full  load  and  the  lower  curve 
on  Pig.  8  plotted  to  show  how  the  richness  of  the  mix- 
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ture  for  the  highest  efficiency  varies  with  the  load  carried. 
The  mixture  for  highest  power  is  a  straight  line  at 
0.0775  lb.  The  middle  curve  is  arbitrarily  drawn  half 
way  between  the  other  two  and  is  called  the  mixture 
for  the  best  general  performance.  It  represents  a  mix- 
ture that  will  give  substantially  the  maximum  power 
and  at  the  same  time  approximate  the  highest  possible 
efficiency.  These  curves  represent  the  requirements  of 
the  engine  at  a  constant  speed. 

In  all  of  the  previous  discussion  attention  has  been 
centered  on  the  requirements  of  the  engine  and  the 
conclusions  drawn  have  been  modified  by  the  different 
speeds  and  loads  at  which  the  engine  was  operated.  In 
designing  a  carbureter,  however,  these  conclusions  must 
be  interpreted  in  terms  of  cubic  feet  of  air  delivered 
per  minute.  Changes  in  the  speed  of  the  engine  and  the 
brake  load  it  carries  simply  vary  the  rate  of  flow  of 
the  air  through  the  carbureter.  Beginning  at  the 
smallest  flow  rate  that  the  engine  will  require,  it  is  ob- 
vious that  the  volume  of  air  required  per  minute  may  be 
increased  either  by  increasing  the  brake  load  at  a  con- 
stant speed,  or  the  speed  at  a  constant  brake  load  or 
by  increasing  the  load  and  the  speed  together.  Thus 
the  same  engine  may  require  20  cu.  ft.  of  air  per  min. 
with  a  wide-open  throttle  at  400  r.p.m.  or  running  light 
at  1500  r.p.m.,  yet  so  far  as  the  carbureter  is  concerned 
there  will  be  no  change  in  rate  of  flow  or  the  mixtures 
furnished  under  these  widely  different  conditions.  The 
mixture  required  for  the  maximum  eflRciency  of  the 
engine  under  these  two  conditions  is,  however,  quite 
different.  With  a  wide-open  throttle  at  400  r.p.m.  Pig. 
8  shows  that  0.062  lb.  of  gas  per  lb.  of  air  will  give 
the  greatest  efficiency,  while  at  1500  r.p.m.  and  no  load, 
0.0775  lb.  of  gas  per  lb.  of  air  is  the  most  efficient 
mixture.  Thus  it  is  impossible  for  a  carbureter  to 
supply  an  engine  with  the  mixture  required  for  the 
highest  efficiency  at  all  speeds  and  loads. 

Fig.  9  shows  the  variation  in  the  mixture  require- 
ments of  an  engine  for  the  highest  efficiency,  in  terms 
of  the  rate  of  flow  of  the  air  through  the  carbureter. 
In  this  case  the  engine  has  been  assumed  to  have  a 
maximum  requirement  of  93  cu.  ft.  of  air  per  min.  and 
a  speed  range  of  200  to  2500  r.p.m.  This  will  make 
the  air  required  for  200  r.p.m.  at  full  load  about  9 
cu.  ft.  per  min.  and  2V4  cu.  ft.  per  min.  at  no  load. 
Under  the  latter   condition   the  mixture   required   for 
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the  highest  efficiency  is  0.0775  lb.  This  point  is  marked 
h.  Fig.  9.  As  the  speed  increases  at  no  load,  the  rate 
of  flow  of  the  air  increases  and  the  mixture  for  maxi- 
mum efficiency  remains  the  same.  Thus  he  represents 
the  mixture  requirements  at  no  load  between  200  and 
2500  r.p.m.  From  c  to  d  the  rate  of  flow  is  increased 
by  increasing  the  brake  load  at  2500  r.p.m.  The  shape 
of  the  curve  is  taken  from  Fig.  8.  The  curve  ha,  is 
similar  in  shape  to  cd  and  represents  the  change  from 
200  to  2500  r.p.m.  at  full  load.  Thus  the  shaded  area 
abed  shows  how  much  the  mixture  requirements  of  the 
engine  may  vary  at  any  rate  of  flow,  when  the  maximum 
efficiency  is  attempted. 

The  mixture  requirements  for  the  best  general  per- 
formance may  also  be  indicated  on  this  graph,  hce 
representing  the  mixture  for  the  maximum  power,  and 
6/  that  for  the  best  general  performance.  In  connection 
with  hi  several  points  should  be  noted.  There  is  no 
combination  of  speed  and  load  where  this  mixture  will 
not  fire  regularly  if  it  is  warm  and  dry.  With  a  wide- 
open  throttle  this  mixture  will  give  substantially  the 
maximum  power  and  at  the  same  time  nearly  the  best 
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efficiency.  In  the  average  touring  car  the  engine  ruj^s 
most  of  the  time  at  approximately  one-third  to  one- 
half  of  its  full  load.  Under  these  conditions  the  pro- 
posed mixture  will  actually  give  the  highest  possible 
efficiency,  as  is  shown  by  Fig.  7.  A  curve  similar  to 
hf  can  be  drawn  for  any  engine  and  the  carbureter  that 
follows  that  curve  will  be  as  nearly  ideal  for  that  en- 
gine as  is  possible. 

All  of  the  foregoing  conclusions  have  been  based  upon 
tests  where  58  deg.  Baum^  gasoline  was  used  and  the 
mixture  was  warm  enough  to  be  dry.  In  applying  them 
to  other  conditions  due  consideration  must  be  given  to 
the  effect  of  the  fuel  used  and  the  temperature  of  the. 
mixture,  upon  the  mixture  requirements  of  the  engine. 
The  Purdue  tests  show  that  the  maximum  power  is 
obtained  when  using  a  wet  mixture,  the  coldest  one 
that  can  be  carbureted  satisfactorily.  Under  these  con- 
ditions the  highest  power  is  obtained  with  a  mix- 
ture containing  0.08  lb.  of  gas  per  lb.  of  air,  and 
at  half  load  the  mixture  for  the  greatest  efficiency 
was  raised  from  0.063  to  0.067  lb.  These  figures  will 
therefore  represent  the  magnitude  of  the  variation  in 
the  mixture  requirements  of  an  engine  that  can  be 
caused  by  the  temperature  of  the  mixture,  when  the 
engine  is  warm  enough  to  run  well.  When  the  engine 
is  very  cold  still  richer  mixtures  are  necessary.  Th^ 
excess  fuel  required  will  vary  with  the  quality  of  the 
fuel  and  the  temperature  of  the  engine.  In  the  very 
coldest  weather  the  mixture  can  scarcely  be  made  rich 
enough  to  start  a  cold  engine  with  58  deg.  gasoline. 

The  results  reported  here  are  merely  a  beginning 
toward  defining  the  object  to  be  accomplished  in  car- 
buretion.  The  automotive  industry  will  do  well  to 
recognize  the  importance  of  this  problem,  and  the  de- 
sirability of  developing  a  comprehensive  technology  of 
carburetion. 
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AUTOMOBILE  BODY  DESIGN 
By  William  Bbewsteb^ 

The  author  first  considers  the  style  and  arrangement 
of  the  seats,  the  position  of  the  rear  axle  as  affect- 
ing the  rear  kick-up  in  the  chassis  frame,  and  the  posi- 
tion of  the  r«ar  wheels  as  determining  the  distance 
from  the  back  of  the  front  seat  to  a  point  where  the 
curve  of  the  rear  fender  cuts  across  the  top  edge  of  the 
chassis  frame.  The  location  of  the  driver's  seat  and 
of  the  steering-wheel  are  next  considered,  the  discus- 
sion then  passing  to  the  requirements  that  affect  the 
height  of  tiie  body,  the  width  of  the  rear  seat,  and  the 
general  shape.  The  evolution  of  the  windshield  is 
reviewed  and  present  practice  stated.  Structural 
changes  are  then  considered  in  relation  to  the  artistic 
requirements,  as  regards  the  various  effects  obtained 
by  varying  the  size  or  location  of  such  details  as  win- 
dows, doors,  moldings,  panels,  pillars,  belt  lines,  etc., 
and  the  general  lines  necessary  to  produce  an  effect  in 
keeping  with  the  character  of  the  car.  The  design  of 
the  wings  or  fenders,  the  weight,  producing  effects  of 
light  construction,  and  the  use  of  aluminum  are  also 
considered,  the  conclusion  reached  being  that  the  design 
of  the  highest  type  of  automobile  body  should  always 
be  based  primarily  upon  a  high  degree  of  practicability. 

An  automobile  body  must  be  considered  from  two  dif- 
ferent viewpoints,  its  suitability  for  the  work  required 
of  it  and  its  appeal  to  the  eye.  All  designs  should  first 
be  based  upon  practical  needs  and  construction.  The 
first  consideration  should  be  the  number  of  passengers 
to  be  carried  and  the  way  in  which  they  are  to  be  ar- 
ranged; in  other  words,  the  style  and  arrangement  of  the 
seats.  These  factors  determine,  or  should  determine,  the 
length  and  width.  The  wheelbase  is  a  controlling  factor 
in  respect  to  length,  and  affects  length  in  two  ways. 

The  position  of  the  rear  axle  governs  the  position  of 
the  rear  kick-up  in  the  chassis  frame;  this,  to  a  large 
extent,  determines  the  position  of  the  rear  seat.  If  this 
seat  is  put  too  far  to  the  rear  it  is  impossible  to  provide 
a  flat  floor  directly  in  front  of  it,  due  to  interference 
with  the  kick-up  of  the  chassis  frame,  and  unless  a  flat 
floor  is  provided  it  is  impossible  to  sit  with  one's  feet  in 
a  natural  position,  thus  detracting  from  the  comfort  of 
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the  car.  It  may  also  bring  about  an  added  defect  by  caus- 
ing the  rear  seat  to  overhang  the  rear  axle  to  such  an 
extent  as  to  cause  bad  weight  distribution  and  thus  pro- 
duce bad  riding  qualities. 

The  position  of  the  rear  wheels  also  determines  a  very 
important  dimension,  that  of  the  distance  from  the  back 
of  the  front  seat  to  a  point  where  the  curve  of  the  rear 
fender  cuts  across  the  top  edge  of  the  chassis  frame. 
The  doorway  is  essentially  to  make  th«  body  easy  of 
access.  If  the  curve  of  the  rear  fender  comes  far  enough 
forward  to  require  cutting  into  the  bottom  of  the  door, 
then  the  space  at  the  bottom  of  the  doorway,  for  en- 
trance, is  curtailed  to  such  an  extent  that  sometimes  only 
agile  persons  can  use  it  conveniently.  Further,  a  cut  in 
the  door  at  this  position  can  in  some  cases  prevent  the 
lowering  of  the  door  window  to  be  flush  with  the  frame- 
work of  the  body,  which  is  generally  desired  and  abso- 
lutely essential  on  any  landaulet.  Realization  of  this 
fact  has  frequently  resulted  in  the  front  compartment 
being  unduly  restricted,  causing  discomfort  for  the 
driver.  The  increasing  popularity  of  the  closed  body  is 
probably  having  an  effect  on  chassis  engineering,  be- 
cause it  is  noticeable  that  there  is  much  less  space  wasted 
under  hoods  than  formerly.  Opinions  will  of  course 
differ  as  to  the  exact  amount  of  space  which  should  be 
given,  but  the  position  of  the  driver  is  really  controlled 
by  dimensions  that  are  determined  entirely  by  chassis 
construction  and  to  which  the  designer  of  the  coach  work 
is  obliged  to  conform. 

First,  the  driver  must  sit  so  that  the  pedals  can  be 
operated  without  strain.  This  really  determines  the 
position  of  the  driver's  seat.  The  steering-wheel  should 
come  where  it  is  convenient  for  the  hands  to  reach  it. 
A  very  common  fault  is  that  the  steering  post  is  too 
short  so  that  it  comes  where  a  tall  man's  thighs  will 
strike  it,  while  if  the  bottom  of  the  wheel  comes  in  line 
with  the  joint  of  his  body  with  his  thighs,  almost  any 
size  of  person  can  be  made  comfortable  without  taking 
up  undue  space  behind  the  wheel.  The  rim  of  the  wheel 
nearest  the  driver,  on  an  ordinary  upright  post  measuring 
about  25  in.  from  the  bottom  of  the  steering  wheel  to 
the  top  of  the  chassis  frame,  should  be  about  27  in.  from 
the  pedals.  A  comfortable  distance  should  then  be  al- 
lowed behind  the  post  to  the  front  framework  of  the  seat 
back,  allowing  for  the  upholstery.  This  dimension  on  a 
limousine  body  is  about  19  in.    The  horizontal  distance 
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from  the  lower  edge  of  the  steering-wheel  rim  to  a  verti- 
cal plane  tangent  to  the  front  of  the  rear-wheel  tirefl, 
should  be  about  48  in.  on  any  closed  car.  Of  course,  more 
room  gives  more  latitude  in  design.  An  open  car  body 
can  be  made  very  satisfactory  with  6  in.  less. 

A  rather  important  consideration  in  the  case  of  a 
closed  car  is  the  point  at  which  to  measure  the  height. 
The  measurement  should  be  taken  where  change  in  de- 
sign would  have  the  least  effect.  For  instance,  if  a  body 
were  measured  in  the  center  and  there  were  a  large  curve 
to  the  roof,  one  might  consider  that  the  measurement 
would  be  ample ;  yet  a  person  sitting  in  the  comer  might 
be  cramped  for  headroom  on  account  of  the  curving 
down  of  the  top  at  the  sides.  To  be  safe,  it  is  wise  to 
measure  about  8  in.  in  from  the  side  wall,  which  would 
be  about  the  center  of  the  head  of  the  passenger  sitting 
at  the  outer  end  of  the  seat.  A  body  intended  for  gen- 
eral use  by  people  of  all  ages  requires  a  reasonably  high 
roof.  Elderly  people  require  more  headroom  when  enter- 
ing a  car  and  do  not  as  a  rule  like  very  low  seats.  A 
family  car  generally  has  the  extra  seats  in  fairly  fre- 
quent use  and  requires  the  seats  to  face  forward,  neces- 
sitating a  large  body.  These  seats  force  a  person  to  sit 
fairly  upright  and  the  roof  should  be  high  enough  to 
allow  a  person  of  average  height  to  wear  a  hat  and  sit 
in  a  natural  position.  A  family  car  is  also  owned  as  a 
means  of  comfortable  transportation,  and  its  appearance 
should  suggest  its  character. 

This  immediately  brings  out  the  fact  that  to  be  truly 
artistic  nothing  should  look  crowded.  The  design  should 
show  that  there  is  a  place  designed  for  everything  to  be 
carried.  A  low  total  height  from  the  ground  to  the  top 
of  the  roof  is  always  desirable,  but  the  obtaining  of 
this  characteristic  is  a  matter  for  the  chassis  engineer. 
The  body  itself  must  be  of  a  certain  height  irrespective 
of  the  chassis  and  if  the  chassis  hangs  high  it  is  impos- 
sible to  obtain  a  pleasing  effect.  The  minimum  distance 
from  the  floor  to  the  roof  of  a  family  car  should  be  from 
53  to  55  in.  The  enclosed-drive  or  sedan  type  is  chosen 
often  by  an  owner  who  wishes  to  drive  the  car  himself. 
Such  an  owner  is  apt  to  be  willing  to  sacrifice  a  little  head- 
room in  order  to  give  the  car  a  greater  suggestion  of 
speed  or  smartness,  so  that  the  headroom  can  often  be 
cut  down  2  or  3  in.,  but  if  brought  down  below  50  in. 
the  car  is  rather  awkward  of  entrance. 

Another  important  and  fundamental  dimension  is  the 
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width  of  the  rear  seat,  and  by  this  is  meant  the  width 
of  the  framework  of  the  body  on  a  level  with  the  passen- 
ger's shoulders.  Most  cars  require  about  the  same 
clearance  between  the  rear  wheels  and  the  wheelhouse. 
If  the  cushion  is  kept  reasonably  low,  the  top  of  the 
cushion  will  be  determined  by  the  distance  between  the 
inside  of  the  wheelhouses  and  this  will  be  only  about  44 
in.  If  the  body  has  perpendicular  sides  at  this  point  it 
can  seat  only  two  people,  but  by  cutting  in  for  the  wheel- 
house  more  room  is  allowed  for  the  shoulders,  which  is 
really  where  the  greatest  space  is  required.  For  that 
reason  it  is  wise  to  consider  the  inside  vndth  as  being 
that  between  the  framework  of  the  belt  rail  just  below 
the  bottom  of  the  windows.  To  seat  three  persons  com- 
fortably requires  about  54  in.,  but  2  and  sometimes  8  in. 
can  be  cut  off  and  still  be  satisfactory  for  slight  people. 
Another  point  that  is  frequently  lost  sight  of  in  this 
respect  is  the  shape  of  the  body.  When  the  body  is  flat 
at  the  side  and  has  round  corners  the  distance  between 
the  rear-door  pillars,  at  the  belt-rail  height,  is  a  very  good 
measurement  to  use  in  comparing  bodies,  but  when  the 
body  has  a  square  comer  it  is  almost  invariably  tapered 
toward  the  rear;  hence  this  measurement  would  be  mis- 
leading as  the  passengers  sit  7  or  8  in.  from  the  rear. 
The  measurement  to  be  exact  should  be  taken  close  to 
this  spot.  These  rules  have  been  mainly  discovered  by 
experience.  It  is  easier  to  apply  a  comfortable  body  to 
a  modem  than  to  an  old-style  chassis,  on  account  of  the 
developments  in  the  chassis  which  is  now  lower  and  has 
a  longer  wheelbase. 

Windshield  Evolution 

One  of  the  most  interesting  effects  of  criticism  is  the 
evolution  of  the  windshield.  Originally  it  was  perfectly 
plain  and  perpendicular  without  a  break  of  any  kind. 
This  gave  protection  from  the  wind,  but  it  was  found 
that  when  wet  with  rain  or  snow,  the  windshield  could 
not  be  seen  through.  The  windshield  was  then  cut  in 
half,  the  upper  part  swinging  forward,  thus  allowing  a 
clear  vision  in  bad  weather.  But  it  was  still  found  that 
the  perpendicular  windshield  reflected  objects  in  the 
rear,  so  that  at  dusk  the  driver  might  occasionally  be 
deceived  by  the  reflection  of  a  person  already  past  and 
apply  the  brakes  suddenly  to  avoid  running  over  some- 
one.   The  development  then  was  to  slant  the  windshield, 
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Thb  1910   Windshield  in  Which  thb  Pillar  in  Front  of  thh 

Door  Is  Brought  Back  and  a  Very  Light  Metal  Construction  Is 

Used   in   Front   to   Rex>ucb   thb   Obstruction   of   the   Driver's 

Vision  to  a  Minimum 

causing  the  reflection  to  drop  to  the  driver's  feet.  On 
enclosed  cars  the  development  was  a  little  different 
Originally,  the  front  frame  or  pillar  interfered  very 
seriously  with  the  driver's  vision  when  he  had  to  turn 
even  a  little  from  a  direct  straight  line,  so  that  accidents 
often  occurred  from  this  cause.  To  overcome  this  the 
front  pillar  of  the  body  was  brought  back  some  6  or  8 
in.,  to  a  point  on  a  line  with  the  front  of  the  driver's 
cushion,  and  a  metal  strip  only  sufficiently  wide  to  hold 
the  glass  was  brought  out  in  front  to  keep  the  required 
room  inside.  This  windshield  was  originally  made 
straight  and  then,  with  the  evolution  of  the  tilted  type, 
it  was  slanted  back  to  meet  the  front  pillar  at  the  top. 
This  is  the  general  method  of  making  windshields  today, 


The   1912   Form   in   Which  the  Windshield  Is  Slanted  to 
Eliminate  Reflection 
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with  the  top  half  folding  outward  in  case  of  snow  or 
storm.  It  was  found,  however,  that  with  the  upper  half 
of  the  windshield  out  and  the  top  of  its  bottom  half 
slanting  inward  to  the  body,  it  caught  the  rain  or  snow 
which  come  into  the  body  when  driving  in  a  storm.  To 
overcome  this  the  bottom  of  the  windshield  is  now 
slanted  in  the  opposite  direction;  that  is,  the  bottom 
is  slanted  inward  a  little  so  that  when  the  upper  part  is 
open,  the  rain  or  snow  strikes  this  reverse  slanted  glass 
and  falls  on  the  cowl. 

As  a  commentary  upon  how  ideas  regarding  what  is 
beautiful  or  satisfactory  in  design  are  modified  by  an 
understanding  of  proper  construction,  many  people  at 
first  objected  to  the  slanting  windshield  solely  because 
of  its  appearance,  but  no  one  will  take  a  straight  wind- 
shield now,  when  the  matter  of  looks  is  considered,  be- 
cause their  eyes  have  become  accustomed  to  the  change. 
Another  transition  of  what  appeals  to  the  eye  is  now 
in  progress  with  the  new  windshield  last  described. 
Many  people  objected  to  this  innovation  at  first  but, 
after  studying  it  and  seeing  the  reason  for  it,  they  pre- 
fer it  to  the  plain  single  slant  and  see  beauty  in  it. 

Structural  and  Artistic  Changes 

A  structural  change  is  often  made  at  the  expense  of 
something  known  to  be  good.  It  is  then  necessary  to 
decide  whether  the  change  is  more  advantageous  than 
what  must  be  sacrificed.  This  is  illustrated  when  the 
front  pillar  is  brought  back.  It  is  then  more  difficult  to 
enter  the  front  seat  because  the  corner  of  the  cushion 
must  be  cut  to  allow  foot  room  and  a  person  cannot  walk 
into  the  seat  as  when  the  pillar  is  the  full  distance  ahead ; 
but  it  is  perfectly  easy  to  get  in  and  out  if  it  is  done 
intelligently.  A  few  seconds  of  possible  slight  incon- 
venience are  then  sacrificed  for  hours  of  probable  com- 
fort in  driving. 

We  have  now  given  consideration  to  the  size  and  rela- 
tive position  of  the  seats  and  doors.  We  have  also  deter- 
mined the  height  of  the  roof  above  the  floor,  that  of  the 
floor  above  the  ground  being  fixed  by  the  chassis.  The 
next  step  is  to  design  the  outside  of  the  body,  the 
wings,  etc.  Art  is  simply  beautifying  the  practical.  A 
box  with  doors  and  windows  built  upon  a  chassis  would 
accomplish  a  purpose  but  it  would  not  be  artistic;  hence 
it  is  necessary  to  determine  what  parts  can  be  made 
more  delicate  and  less  clumsy.   We  require  less  room  for 
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The  Latest  Form  op  Windshield  Developed  in  1917  in  Which 
THE  Bottom   Portion   Is   Slanted   in  the  Reverse  Direction  to 
Reduce  the  amount  of  Rain  Which  Enters  When  the  Wind- 
shield  Is   Open 

our  feet  than  we  do  for  our  shoulders,  so  the  body  is  in- 
variably made  narrower  at  the  bottom  than  at  the  top. 
On  a  large  body  the  square  corners  at  the  rear  give  way 
to  the  round,  as  that  space  is  not  necessary  inside  the 
body  and  round  corners  tend  to  make  the  car  look  smaller. 
For  the  same  reason  a  small  car  is  often  made  with 
square  comers  to  give  it  more  character,  but  the  square 
corner  in  rear  view  on  a  wide  car  is  most  ungainly. 

The  size  of  the  windows  is  generally  a  matter  of  in- 
dividual taste  or  fashion  and  is  affected  by  what  is 
generally  termed  the  belt  rail.  This  is  that  portion  of 
the  body,  running  horizontally,  which  marks  the  division 
between  the  lower  panels  of  the  body  and  the  upper.  If 
high  it  gives  the  appearance  of  bulk  and  heaviness.  If 
too  low  it  seems  out  of  proportion  because  of  giving  too 
much  glass.  A  moderately  low  belt  rail  tends  to  make 
the  body  look  more  delicate,  and  anything  in  moderation 
is  less  apt  to  go  out  of  style  quickly.  Most  present-day 
cars  have  the  driver's  part  enclosed  by  doors,  either  low 
as  in  an  open  touring  car  or  fully  enclosed.  This  front 
part  of  the  car  is  generally  of  one  surface  with  the  hood 
and  cowl  and  often  continues  without  a  break  completely 
around  the  body. 

Moldings  are  added  to  break  up  large  surfaces.  They 
make  panels  which  allow  the  car  to  be  painted  in  different 
colors.  A  body  having  no  moldings  of  any  kind  would 
have  to  be  painted  in  one  single  color  as  there  would  be 
no  place  to  make  a  change.  If  it  is  desired  to  break  a 
large  plain  surface,  as  on  a  limousine  body,  a  nearly  per- 
pendicular molding  is  generally  added  in  front  of  the 
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Thb   Original   Conception   of   Continuing   thb   Square   Line   of 
THE  Bonnet  Through  to  the  Rear  Lower  End  dfr  the  Body 

rear  door.  This  is  called  the  coupe  pillar.  It  divides  the 
owner's  part  of  the  car  from  that  of  the  chauffeur  and 
allows  the  rear  of  the  car  to  be  painted  in  a  different 
color  from  the  front.  This  is  perfectly  good  form  for  a 
car  which  a  chauffeur  drives,  as  it  differentiates  the  ovni- 
er's  from  the  servant's  portion  of  the  car.  For  that 
reason  it  is  not  so  advisable  on  a  car  that  the  owner 
drives,  such  as  a  phaeton  or  enclosed  drive  type.  The 
molding  or  pillar  referred  to  is  absolutely  necessary,  for 
instance  where  imitation  cane  work  is  applied,  as  other- 
wise there  would  be  no  place  to  stop  it.  It  is  the  first 
molding  that  is  applied  vertically.  The  most  important 
horizontal  molding  is  the  belt  rail  All  moldings  tend  to 
shorten  or  lessen  the  width  of  the  panel  in  which  they 
are  placed,  so  that  marking  the  belt  rail  tends  to  make 
the  car  appear  lower  to  the  eye.  For  that  reason  two 
moldings  some  inches  apart,  forming  what  is  called  a 
double  belt,  are  employed.  This  lightens  the  bottom 
panel,  allowing  the  belt  rail  to  come  lower  down,  so  that 
the  lower  panel  does  not  loom  so  large.  This  tends  to 
lighten  or  make  the  design  more  delicate.  The  double 
belt  is  practically  a  continuation  of  the  old  crest  panels 
used  in  carriage  days  for  generations  past,  on  which 
armorial  bearings  of  the  family  were  placed.  These  and 
all  other  moldings  must  be  placed  with  great  care.  They 
should  always  be  continuous  and  at  least  should  not  end 
abruptly,  as  if  there  were  no  reason  for  their  existence. 
The  moldings  form  panels  and  if  the  panels  are  not  en- 
tirely enclosed  trouble  in  the  painting  results.  One  color 
will  then  run  into  another  and  show  at  once  to  the  criti- 
cal eye  that  the  design  was  not  thoroughly  worked  out 
Moldings  are  often  applied  to  hide  the  joints  of  con- 
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struction,  but  the  same  ideas  and  principles  should  pre- 
vail, that  the  design  n^ust  conform  with  the  construction 
as  if  done  for  a  purpose  and  not  left  to  chance;  in  fact, 
construction  must  always  be  the  basis  of  the  design.  We 
construct  first  and  then  endeavor  to  give  that  construc- 
tion an  artistic  effect. 

A  detail  of  interior  finish  or  design  which  is  especially 
adaptable  for  touring  work,  where  serviceability  and 
cleanliness  are  important,  involves  finishing  the  upper 
part  of  the  car  in  its  natural  construction  showing  the 
framework  of  the  body  and  the  bows  of  the  roof.  These 
can  easily  be  varnished  or  painted  to  harmonize  with  the 
upholstery.  Then  we  have  only  to  stretch  the  covering 
for  the  top  over  the  bows,  first  putting  on  a  lining  which 
can  be  painted  to  match  the  woodwork.  There  is  prac- 
tically no  wear  to  this  finish,  if  done  well. 

Of  course,  any  body  cannot  be  put  upon  any  chassis 
indiscriminately.  A  low  rakish  sort  of  body  requires  a 
correspondingly  low  slant  to  the  steering  post  and  more 
space  for  the  driver,  for,  when  we  lower  the  post,  it  must 
be  made  longer  as  the  driver's  legs  become  straighter 
and  need  more  room.  Conversely,  a  low  body  cannot  be 
put  upon  a  chassis  with  a  high  steering  post,  as  the 
driver  must  then  sit  high  to  be  in  a  proper  position  for 
the  wheel.  In  this  position  a  seat  would  be  out  of  pro- 
portion to  the  rear  of  the  body.  A  low  steering  post 
with  a  low  body  is  difficult  to  use  successfully  with  a 
family  car,  as  the  chassis  is  rarely  long  enough  to  allow 
the  proper  entrance  to  the  rear  door  and  this  space  is 
shortened  by  the  length  required  for  the  driver. 

It  would  seem  almost  obvious  that  for  the  best  inter- 


Anothbr   Example  op  the   Square  Line  of   the   Bonnet   Being 

Continued  Around  the  Upper   Part  op  the  Body   In   a   Single 

Continuous  Line,  Thus  Making  a  Double  Belt 
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ests  of  the  users  of  a  car  it  is  wise  to  have  as  little  waste 
space  as  possible  in  the  center.  It  is  like  the  space  amid- 
ships on  a  steamer;  the  center  of  the  chassis  is  the  most 
comfortable  part  for  riding.  Yet  open  cars  are  often 
designed  with  a  second  little  cowl  back  of  the  chauffeur 
and  the  space  under  the  cowl  is  used  for  cabinets  for  the 
storage  of  small  articles,  thus  giving  up  the  most  valu- 
able space  in  the  car  for  storage.  Furthermore,  this  cowl 
cuts  into  the  entrance,  often  requiring  a  large  cut  in  the 
bottom  of  the  door,  so  that  it  can  hardly  be  called  good 
design.  If  any  storage  space  is  wanted  the  body  can 
extend  a  few  inches  behind  the  rear  seat,  making  a 
pocket  in  the  least  desirable  part  of  the  car. 

It  is  generally  good  practice  to  make  the  car  appear 
as  low  to  the  ground  as  possible  and  the  roof  line,  of 
course,  bears  directly  upon  this.  Keeping  the  windows  as 
high  as  the  construction  of  the  body  will  allow  tends  to 
make  a  very  light-looking  roof  and  gives  the  maximum 
outlook  from  the  interior,  but  one  also  sees  at  once  the 
entire  height  of  the  car.  If  the  windows  are  lowered  2 
or  3  in.  from  the  top  and  the  line  of  the  roof  rounded 
over,  the  car  will  appear  lower  although,  of  course,  not 
as  light-looking  in  this  detail.  This  treatment  is  there- 
fore perfectly  legitimate  if  this  effect  is  desired. 

The  position  of  the  extra  tires  does  not  materially 
affect  the  design,  but  for  touring  it  is  rather  impractical 
to  hang  them  in  the  rear  as  that  space  is  needed  for  the 
trunk  rack  to  carry  luggage.  It  is  therefore  wise  to 
carry  tires  in  the  wings  at  each  side  of  the  dash.  They 
are  also  much  cleaner  to  handle  if  tires  have  to  be 
changed  en  route,  but  for  very  small  light  cars,  such  as 
runabouts,  they  must  be  carried  in  the  rear  to  give  the 
weight  required  for  traction  at  the  rear  of  the  car. 

The  design  of  wings  or  fenders  bears  to  a  certain  ex- 
tent upon  the  completed  design,  and  here  again  there 
has  been  certain  evolution.  In  early  cars  the  front  wings 
had  the  outside  front  end  much  higher  than  the  inside, 
instead  of  being  parallel  with  the  ground.  This,  however, 
allowed  the  mud  and  dirt  to  be  deflected  from  the  wings 
at  such  an  angle  that  the  wind  would  drive  it  into  the 
car;  this  type  was  therefore  superseded  by  the  present 
type  of  wing,  which  is  always  kent  as  close  to  the  wheel 
as  possible.  Flanges  are  also  added  at  the  sides  of  the 
wings  for  the  same  reason,  as  an  additional  protection. 
A  slightly  rounded  wing  with  flanges  gives  a  delicate 
light  appearance  and  is  desirable  with  a  light-appearing 
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body,  but  there  is  a  large  dome-shaped  fender  without 
angle  of  any  kind  which  is  eminently  practical  although 
not  very  delicate  in  appearance.  It  can  be  used  with  good 
effect  on  a  heavy  type  of  body,  but  there  would  be  a 
question  whether  or  not  they  are  in  keeping  with  a  deli- 
cate design.  For  a  strictly  fashionable  town  car,  wings 
are  often  made  on  the  type  of  the  old  horse-drawn  Vic- 
toria, that  is,  a  light  metal  frame  covered  with  leather. 
This  gives  a  very  handsome  effect  and  shows  at  once 
that  the  car  is  not  for  touring.  It  also  conveys  the  idea 
that  the  owner  is  critical  and  wants  his  car,  like  his 
clothes,  for  different  purposes.  Instead  of  using  the 
almost  universal  running-board  the  wings  can  be  made 
separately  with  only  a  step  to  the  rear  entrance,  and  an 
extra  wing  brought  up  from  the  front  of  the  rear  step 
exactly  as  in  the  old  Victoria.  This  naturally  does  not 
give  the  whole  car  as  good  protection  as  does  the  run- 
ning-board, but  it  tends  to  make  the  car  look  shorter 
and  higher  and  is  liked  by  many  as  a  still  further  evi- 
dence that  the  car  is  for  town  use.  However,  if  used  in 
this  way,  the  wings  should  be  of  leather. 

While  discussing  town  cars,  another  detail  of  the 
treatment  of  the  chauffeur's  part  should  be  mentioned. 
When  leather  wings  are  used,  the  usual  type  of  fore- 
doors  need  not  be  used.  This  allows  the  liveries  of  the 
chauffeur  and  footman  to  be  seen  and  tends  to  brighten 
up  the  effect,  thus  differeniating  the  town  from  the  tour- 
ing type.  For  extremely  cold  weather  a  light  metal  frame 
covered  with  leather  can  be  used  for  a  temporary  door, 
but  as  this  is  only  to  be  temporary  for  the  cold  months  it 
should  not  be  a  part  of  the  design ;  this  shows  that  it  is 
exactly  as  intended,  a  temporary  protection  from  the 
weather. 

Influence  of  Weight  Upon  Design 

The  question  of  weight  bears  only  indirectly  upon  de- 
sign, as  weight  is  largely  determined  by  the  type  of  con- 
struction. As  the  designers  of  the  chassis  use  every  pos- 
sible endeavor  to  save  even  a  few  pounds  here  and  there, 
it  should  naturally  be  the  duty  of  the  body  designer  to 
try  to  make  his  part  of  the  car  as  light  as  possible,  but 
there  is  a  limit  to  what  can  be  done  here  on  account  of 
having  to  consider  doors  and  other  parts  which  require 
substantial  construction  in  order  to  work  perfectly. 
Naturally,  a  door  must  be  set  in  a  frame  so  firmly  that  it 
will  not  spring  and  bind  the  door,  making  it  ineffective. 
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Not  only  must  the  door  frame  be  rigid,  but  every  part 
of  the  door  itself  must  be  made  stiff  enough  that  it  wVl 
not  rattle.  In  fact,  having  everything  work  smoothly  so 
that  it  will  not  rattle,  differentiates  the  car  body  from  the 
airplane  where  noises  and  relative  flexibility  are  matters 
of  small  moment.  Hence,  lessons  gained  from  airplane 
construction  are  practically  useless  to  the  coach  builder. 

The  glass  used  in  a  closed  car  is  probably  the  heaviest 
single  part.  Few  lajmien  appreciate  the  fact  that  the 
ordinary  glass  used  behind  the  chauffeur  weighs  about 
20  lb.,  for  a  thick  plate  glass  has  to  be  used  to  get  one  of 
sufficient  clearness.  This  heavy  glass  necessitates  cor- 
respondingly wide  runs  or  grooves  in  the  pillars,  which 
determine  the  size  of  the  pillars.  While  the  latter  might 
be  made  lighter  so  far  as  strength  is  concerned,  a  certain 
amount  of  bulk  is  necessary  on  account  of  the  glass  runs. 

There  is  no  construction  so  light  as  that  employed  in 
the  old  wooden  carriage,  and  nothing  gives  as  fine  a  sur- 
face when  finished,  if  well  made.  The  white-wood  panel 
used  in  old  coach  building  was  some  10  per  cent  lighter 
than  the  aluminum  panel  used  today  so  that,  all  things 
being  equal,  a  wooden  body  is  about  10  per  cent  lighter 
than  the  corresponding  aluminum-covered  body.  How- 
ever, aluminum  is  now  used  almost  entirely  for  two  rea- 
sons. It  gives  more  latitude  in  design.  For  instance,  it 
is  much  easier  to  make  large  round  corners  in  aluminum 
than  in  wood.  Also,  the  paint  will  stand  better  against 
the  'Vorking"  of  an  automobile.  The  twists  and  turns 
a  car  gets  over  very  bad  roads  or  bumpy  snow,  especially 
when  it  is  cold,  seem  to  crack  any  paint  on  wood  panels 
while  the  aluminum  stands  this  very  much  better.  Cast 
aluminum  panels  are  sometimes  used,  but  they  are  very 
much  heavier. 

In  conclusion,  the  highest  type  of  automobile  body  de- 
signing should  always  be  based  primarily  upon  a  high 
degree  of  practicability. 

THE    DISCUSSION 

H.  M.  Crane: — I  agree  with  Mr.  Brewster  as  to  the 
impossibility  of  a  satisfactory  closed-body  construction 
on  airplane  lines.  There  is  no  question  that,  for  a  given 
amount  of  strength,  a  very  flexible  construction  is  un- 
doubtedly the  lightest.  On  the  other  hand,  in  my  opinion, 
a  body  requiring  the  use  of  glass,  operative  doors  and 
similar  features,  can  never  be  made  flexible;  that  being 
the  case,  it  must  be  designed  for  stiffness.    Under  such 
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conditions,  the  extreme  lightness  of  the  construction  used 
in  airplanes  cannot  be  worked  out.  All  engineers  en- 
gaged in  engine  design  know  that  most  of  the  disappoint- 
ment with  high-grade  steels  came  from  the  fact  that  there 
were  very  few  places  in  automobile  engines  where  they 
could  really  take  advantage  of  the  possibilities  of  such 
steels,  because  a  section  had  to  be  designed  primarily  to 
be  stiff,  and  not  necessarily  for  ultimate  strength.  This 
applies  even  more  to  bodies,  and  with  the  great  increase 
in  closed  bodies  it  has  been  very  interesting  to  see  the 
spread  to  one  company  after  another  of  a  really  proper 
design  of  chassis  frame. 

The  chassis  frame  with  8  or  4-in.  side-rails  was  amply 
strong  to  carry  any  load  put  upon  it,  years  ago  and  also 
today,  but  is  utterly  out  of  the  question  with  a  closed 
body  mounted  upon  it.  In  fact,  the  body  builder  was 
forced  to  add  100  to  150  lb.  to  the  body  to  make  it  work 
at  all  and  compensate  for  the  25  lb.  the  chassis  builder 
left  out. 

Austin  M.  Wolf: — No  mention  has  been  made  qf  the 
necessity  of  co-relation  between  the  body  and  the  fenders, 
aprons,  windshield,  wheels,  as  in  the  disk  tjrpe,  and  the 
top  of  open  cars.  It  is  very  essential  that  the  design 
between  all  these  parts  be  in  harmony  with  the  body 
lines,  or  their  effect  and  beauty  will  be  nullified.  We 
often  find  that  the  curves  or  straight  lines  in  the  side  view 
of  a  fender,  particularly  the  front,  clash  with  the  general 
line  design  of  the  body  and  hood.  In  a  similar  way  the 
use  of  disk  wheels,  from  an  artistic  point  of  view,  is 
dependent  upon  the  balance  between  the  circular  surface 
which  they  present  and  the  surface  prd^ented  by  the 
hood,  body  side  and  side  splasher.  These  masses  usually 
harmonize  best  in  a  low-hung  car. 

It  is  becoming  gradually  apparent  that  more  attention 
is  being  paid  to  the  top  design  of  the  moderate-priced  car 
than  heretofore.  The  top  when  up,  due  to  its  raised 
position,  presents  an  accentuated  mass  and  the  necessity 
for  harmonious  design  is  extremely  important. 

Very  often  a  chassis  is  .  designed  simply  from  the 
chassis  engineer's  point  of  view,  and  no  thought  is  given 
to  the  body  and  the  mounting  of  the  other  units  which 
the  word  "body"  must  also  broadly  convey.  It  is  my 
opinion  that  more  thought  can  be  given  to  the  original 
layout,  particularly  to  the  frame  construction,  if  we 
consider  the  particular  body  which  we  wish  to  use.  At 
the  same  time,  a  great  deal  of  weight  can  be  saved  by 
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suitable  frame  design  in  allowing  less  overhang  for  the 
body  sills  and  providing  better  support  for  them. 

It  is  unsightly  to  see  a  short  body  mounted  on  a  long 
frame  in  which  the  rear  goose-necks,  which  at  their  best 
lack  any  semblance  of  beauty,  project  an  undue  amount. 
In  this  connection  we  have  the  advantage  of  using  cross 
rear  springs  or  the  cantilever  type,  which  assist  in 
making  a  presentable  rear  end.  Too  little  attention  has 
been  paid  to  this  part  of  the  car. 

With  cantilever  springs  as  used  by  Rolls-Royce  and 
its  many  followers,  the  springs  lie  outside  the  sides  of 
the  frame.  It  is  impossible  to  use  such  a  chassis  con- 
struction with  a  Cunningham  type  of  body  without  run- 
ning-boards, as  the  springs  would  be  exposed ;  assuming, 
of  course,  that  an  extremely  wide  body  and  sill  are  not 
used  to  bring  the  body  side  beyond  the  outside  edge  of 
the  spring.  Due  to  such  inherent  limitations  of  a  par- 
ticular chassis  construction,  and  the  above  is  but  one 
example,  it  is  evident  that  the  various  types  of  bodies 
should  be  considered  before  the  final  frame  construction, 
spring  mounting,  etc.,  are  decided  upon. 

With  reference  to  the  Rolls-Royce  type  of  cantilever 
spring,  it  has  always  appeared  peculiar  to  me  that  makers 
using  this  construction  seem  to  believe  that  it  is  an  object 
of  beauty.  To  me  it  is  not,  and  I  believe  that  a  side- 
splash  apron  should  cover  it. 

It  was  surprising  to  see  at  the  Salon  and  at  the  Palace 
Show  how  unsightly,  from  an  artistic  point  of  view,  a 
perhaps  clever  mechanical  construction  can  appear.  In 
designing  a  chassis  we  must  think  of  beauty  as  well  as 
mechanics.  ^  frame  was  shown  without  adequate  means 
for  covering  the  unsightly  goose-necks  at  the  front  end, 
a  cross-tube  ran  between  them^  and  was  joined  by  an 
exceptionally  large  hideous  casting  containing  numerous 
rivets.  Mounting  the  springs  on  another  car  outside  of 
the  front  goose-neck  eye,  with  no  attempt  to  cover  this 
construction,  ruined  the  entire  front-end  appearance  of 
the  car  embodying  it.  Numerous  cases  were  in  evidence 
where  a  little  better  quality  of  sheet-metal  work,  or  more 
of  it,  would  give  a  finished  appearance  to  the  car. 

In  addition  to  the  sod-pan  apron  extending  entirely 
across  the  bottom  of  the  car,  we  have  side-splash  aprons 
to  imitate  this  effect;  the  majority  of  them  are  a  dis- 
appointment in  that  they  in  no  way  convey  the  effect 
desired.  Some  are  not  made  deep  enough,  as  was  evi- 
dent on  a  number  of  cars,  including  a  foreign  car  at  the 
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show;  others  have  been  dressed  up  with  bevel  edges 
which  do  not  seem  to  fit  into  the  design  at  this  point. 
The  regular  side-splash  apron  used  with  running-boards 
is  sandwiched  at  its  top  between  the  body  sill  and  the 
frame,  and  usually  presents  a  horizontal  surface  which 
projects  a  short  distance  beyond  the  bottom  edge  of  the 
body.  Most  of  the  side  aprons  without  running-boards 
have  followed  this  practice,  and  the  flat  or  horizontal 
surface  thus  presented  abruptly  breaks  up  the  otherwise 
smooth  surface  which  can  be  obtained  by  making  the  side 
apron  a  continuation  of  the  body  side  surface,  curving  it 
inwardly  at  the  bottom. 

I  believe  that  a  great  deal  more  thought  than  has  been 
given  heretofore  should  be  given  to  the  body,  fenders, 
aprons,  etc.,  and  their  mounting,  from  the  time  the  first 
line  for  the  chassis  is  put  upon  the  drawing-board. 


SPRINGS  AND  SPRING  SUSPENSIONS 

By  E.  Favary^ 

The  chief  factors  affecting  the  riding  quality  of  a 
motor  vehicle  are  spring  deflection,  or  amplitude;  peri- 
odicity, or  the  number  of  vibrations  per  second;  and  the 
proportion  of  the  sprung  to  the  unsprung  weight.  Other 
factors  are  the  wheelbase,  the  tread,  the  height  of  the 
center  of  gravity  of  the  car  and  the  effect  of  the  front 
springs  on  the  rear  ones.  The  three  main  factors  are 
considered  at  some  length,  various  experiments  being 
described,  and  illustrated  by  diagrams.  Spring  inertia 
and  the  fundamentals  of  periodicity  are  then  investi- 
gated, by  experiments  and  mathematical  analyses,  in 
considerable  detail.  Experiments  regarding  possible 
future  spring  construction  are  described  and  discussed 
and  the  advantages  offered  by  the  suggested  suspension 
are  stated  as  sensitiveness  at  light  loads;  a  minimum 
flexure  for  a  maximum  of  axle  motion;  sensitiveness  at 
all  loads  against  quick  upward  thrusts  of  the  axle; 
reduced  weight  of  the  unsprung  mass ;  larger  deflections 
at  light  loads  and  proportionately  small  deflections  near 
the  maximum  load;  and  a  saving  in  spring  weight. 

The  chief  factors   affecting  the  riding  quality  of  a 
motor    vehicle    are:    spring    deflection,    or    amplitude; 


^Consulting  engineer.  New  York  City. 
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periodicity,  or  the  number  of  vibrations*  per  second; 
and  the  proportion  of  the  sprunsr  to  the  unsprung  weight. 
Other  factors  influencing  riding  quality  are  the  virheel- 
base,  the  tread,  the  height  of  the  center  of  gravity  of 
the  car  and  the  effect  of  the  front  springs  on  the  rear 
ones.  Speed  of  travel  naturally  has  an  effect  upon  the 
spring  suspension,  and  therefore  on  the  riding  qualities. 
I  will  not  here  consider  the  effect  of  speed  or  speed  vari- 
ation, but  shall  bear  in  mind  their  relative  influence  at 
all  speeds,  with  a  wheel  of  a  given  diameter  and  the  same 
quality  of  tire. 

The  spring  having  the  largest  amplitude  of  deflection 
for  a  given  load  will  flex  most,  for  small  or  large  addi- 
tional upward  thrusts  of  the  axle  when  the  wheel  en- 
counters obstructions  on  the  road,  with  the  least  per- 
ceptible disturbance  to  the  car  body.  For  instance,  if 
one  spring  deflects  1  in.  for  each  additional  load  of  160  lb. 
and  another  moves  the  same  distance  for  a  200-lb.  load, 
with  deflections  not  exceeding  the  elastic  limit  of  the 
material,  the  150-lb.  or  more  flexible  spring  will  produce 
the  lesser  intensity  of  upward  shock,  even  though  the 
time  interval  during  which  the  upward  thrust  acts  is 
longer. 

Vibrations  Per.  Minute 

The  periodicity,  as  well  as  the  amplitude  of  the  deflec- 
tion, depends  upon  not  only  the  length,  thickness  and 
width  of  the  spring-leaf,  considering  a  single-leaf  spring 
for  the  present,  but  also  the  load  that  it  supports.    The 
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Pia.  1 — Path  of  a  Wheel  Center  in  Pabbing  over  an  Obstacle 

greater  the  static  load  and  the  greater  the  static  deflec- 
tion of  the  spring,  or  the  position  of  rest  when  the  load 
is  applied,  the  slower  the  vibrations  per  minute.  Increase 
the  static  load  and  the  deflection  will  increase  the  fiber 


*The  term  "vibrations**  Is  used  Instead  of  "oscillation 8".  since 
the  best  writers  in  physios  use  "oscillation"  to  mean  one-half  of  a 
complete  vibration;  thus,  a  vibration  means  two  oscUlaUons,  one 
up  and  one  down. 
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stress  in  the  spring ;  so  that  we  can  state  that  the  greater 
the  fiber  stress  the  slower  the  periodicity. 

It  is  not  so  much  the  height  through  which  the  body 
is  raised  as  the  rate  of  speed  at  which  it  is  raised  tha^ 
affects  the  passenger's  comfort,  although  both  are  of 
great  importance.  The  final  requirement  of  a  good  spring 
suspension  is  that  it  impart  to  the  car  body  the  least 


Pia.  2 — Keeping  the  Proportion  op  Sprung  to  Unsprung  Weight 
Large  Is  Important 

amount  of  upward  motion  and  at  the  slowest  speed. 
Tests'  have  disclosed  the  fact  that  the  axle,  when  the 
wheel  travels  over  an  obstruction,  causes  the  wheel  to  , 
jump  over  the  obstacle  in  each  case  and  come  to  the 
ground  beyond  it  (See  Fig.  1) ;  and  it  appears  that  the 
shape  of  the  obstacle  makes  no  appreciable,  difference, 
unless  its  slope  is  very  gentle.  It  has  also  been  shown 
that  the  wheel  reaches  the  top  of  its  upward  motion 
almost  before  the  car  body  begins  to  move  upward,  and 
that  when  the  wheel  has  completed  its  "jump"  and  re^- 
turned  to  the  ground  the  body  has  traveled  only  40  per 
cent  of  its  upward  path. 

In  Fig.  1  the  lower  line  denotes  the  path  which  the 
center  of  the  wheel  describes  when  surmounting  the 
obstruction,  while  the  upper  curve  shows  the  path  pur- 
sued by  a  point  of  the  frame  or  body  just  above  the  center 
of  the  wheel.  Tests  have  also  shown  that  when  a  stiffer 
spring  is  used  the  oscillatioi)s  of  axle  and  body  cease 
sooner,  but  that  the  acceleration  of  the  upward  motion 
of  the  body  is  greater,  which  means  more  discomfort. 

Relation  of  Sprung  to  Unsprung  Weight 

Fig.  2  illustrates  graphically  the  importance  of  keeping 
the  proportion  of  sprung  to  unsprung  weight  very  great. 
A  comparatively  heavy  weight  is  represented  by  w,  while 

•  Proceedings  of  the  Institution  of  Automobile  Engineers,  vol.  7, 
p.  451. 
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w^  is  a  small  weight.  In  the  first  instance  a  small  weight 
at  the  bottom,  corresponding  here  to  the  axle  and  the 
wheel,  will  have  relatively  little  effect  upon  the  greater 
weight  above,  since  the  latter  is  so  much  heavier;  the 
greater  weight  will  be  influenced  relatively  little  by  what 
the  lighter  weight  may  do.  In  the  second  case  we  have 
a  heavy  weight  at  the  bottom,  which,  if  it  begins  to  move 
upward,  will  continue  to  do  so^  irrespective  of  the  small 
weight  above,  and  no  matter  how  weak  or  strong  the 
spring  above  may  be,  it  will  carry  the  small  weight  along 
with  it.  Therefore,  as  far  as  riding  quality  is  concerned, 
a  lighter  unsprung  weight  will  be  superior,  since  it  has 
the  least  effect  upon  the  sprung  weight. 

Let  us  consider  the  following  example,  on  each  rear 
wheel : 

Weight  of  car,  lb.  4,000 

Weight  on  each  rear  wheel,  lb.  1,200 

Unsprung  weight  for  each  rear  wheel  lb.  300 

.  Sprung  weight  for  each  rear  wheel,  'b.  900 

Horizontal  speed  of  car,  ft.  per  sec.  72 

Approximate  speed  of  car,  m.p.h.  49 

In  considering  the  action  of  a  wheel  of  a  moving  car 
when  striking  an  obstruction  over  which  it  rises,  so  many 
modifying  factors  are  involved  that  it  is  doubtful  whether, 
with  the  data  available  at  present,  a  correct  and  com- 
plete mathematical  analysis  is  possible.  Still,  certain 
assumptions  can  be  made  that  more  or  less  approximate 
true  conditions,  and  a  result  secured  such  as  will  give 
some  idea  of  the  magnitude  of  the  forces  involved.  When 
the  wheel,  moving  along  a  horizontal  surface,  strikes  an 
obstruction,  there  is  a  tendency  to  reduce  the  speed  of 
the  car  because  there  is  imparted  to  the  wheel  of  the 
car  potential  energy  that  has  been  acquired  at  the  ex- 
pense of  the  kinetic  energy  of  the  car.  Since  the  mass 
of  the  car  is  large  compared  with  the  unsprung  weight 
per  wheel,  we  can  assume  as  a  first  approximation,  that 
the  car  speed  remains  unchanged  while  passing  over  the 
obstruction.  The  simplest  assumption  possible  is  that 
the  path  of  the  hub  of  the  wheel  is  a  straight  line  in- 
clined at  a  definite  angle  to  the  horizontal.  This  is 
equivalent  to  assuming  that  the  wheel  is  traveling  up>an 
inclined  plane. 

When  the  wheel  strikes  an  inclined  plane  there  is  a 
tendency  to  retard  its  motion,  since  it  cannot  acquire  up- 
ward velocity  in  zero  time.  This  brings  about  a  changed 
deformation  of  the  tire  and  a  slight  distortion  in  the 
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supports  dragging  the  axle  and  the  wheel  for  an  instant 
has  a  velocity  which  is  slightly  less  than  that  of  the 
car.  As  the  distortion  in  the  dragging  supports  dis- 
appears, due  to  the  resiliency  of  the  material,  the  wheel 
again  catches  up  in  speed  and  finally  when  the  distortion 
has  completely  disappeared  the  speed  of  the  car  and  of 
the  wheel  is  identical  and  the  latter  has  attained  its 
maximum  vertical  velocity.  From  the  foregoing  it  fol- 
lows that  the  vertical  acceleration  is  variable. 

Let  us  further  assume  that  the  wheel  in  passing  over 
an  obstruction  rises  through  a  vertical  distance  of  1  in., 
and  that  in  doing  so  it  travels  a  horizontal  distance  of 
4  in.  (See  Fig.  8),  and  that  at  this  instant  the  wheel 


iWf.frmi'n.  \ 


Fio.  3 — Vertical  and  Horizontal.  Vblocitibs  op  a  Wheel  in 
Passing  over  an  Obstruction 

has  attained  its  full  vertical  speed.  The  wheel  must 
then  Ijave  a  vertical  velocity  of  18  ft.  per  sec.  Since 
this  vertical  velocity  was  acquired  while  the  wheel  trav- 
eled a  horizontal  distance  of  4  in.  or  1/8  ft,  the  time 
interval  is  1/216  sec.    Then  the  average  acceleration  is: 

V         18 

a  =  —  = =  3888  ft.  per  sec.  per  sec. 

t        1/216 

Because  the  acceleration  varies  from  zero  to  zero,  the 
actual  acceleration  for  some  points  of  the  path  must'  be 
considerably  greater  than  the  value  found  for  the  aver- 
age. Ordinarily  the  axle  will  not  rise  1  in.  in  traveling 
4  in.  horizontally,  but  this  rather  unusual  case  was  pur- 
posely selected  to  indicate  roughly  the  magnitude  of 
accelerations  that  do  occur.  The  upward  acceleration  of 
the  axle  amounting  to  anywhere  near  the  above  figure, 
will  exert  a  tremendous  force  against  the  body  and  tend 
to  give  it  a  definite  upward  acceleration  and  velocity. 
This  upward  force  of  the  axle  can  be  reduced  by  de- 
creasing the  unsprung  weight  and  also  by  some  means 
that  permit  the  axle  to  move  slightly  backward  with 
respect  to  the  frame,  when  subjected  to  an  upward  thrust. 
This  is  often  accomplished  in  practice  by  raising  the 
front  end  of  the  spring,  for  instance. 
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One  function  of  the  spring  is  to  decrease  the  upward 
velocity  and  acceleration  of  the  sprung  weight,  or  car 
body,  and  to  increase  the  distance  of  its  horizontal  travel 
while  in  a  raised  position.  The  spring  thus  transforms 
the  vertical  distance  of  the  body  deflection,  either  up  or 
down,  into  a  horizontal  distance,  whenever  the  wheel  sur- 
mounts an  obstacle  or  sinks  into  a  rut.  In  Fig.  1,  if 
the  wheel  hits  the  obstruction  at  c  it  will  quickly  rise  to 
d,  that  is  to  say,  in  a  very  short  horizontal  distance,  and 
will  soon  thereafter  drop  back  to  its  normal  path  h  h. 
The  body  above  will  start  to  rise  at  /,  reach  its  highest 
peak  at  g  and  then  slowly  descend  to  the  normal  path, 
aa.  It  is  evident  that  the  later  the  curve  of  the  body- 
path  begins  to  rise,  after  the  wheel  starts  its  upward 
acceleration,  the  lower  the  peak  g,  or  the  longer  the  time 
required  for  it  to  reach  its  maximum  height.  The  greater 
the  horizontal  distance  /  k  the  better  will  be  the  riding 
quality  of  the  car.  If  no  kinetic  energy  is  absorbed  by 
the  spring  the  area  of  the  shaded  section  under  the  lower 
curve  will  be  approximately  equal  to  that  under  the  upper 
curve,  but  the  greater  the  amplitude  of  the  spring  de- 
flection and  the  lower  its  periodicity,  the  lower  and  longer 
will  be  the  upper  curve,  described  by  the  body,  and  the 
higher  and  longer  the  lower  curve  described  by  the  wheel 
center.  A  flexible  spring,  one  with  a  large  amplitude, 
will  permit  the  axle  to  fly  up  very  rapidly  and  to  a  great 
vertical  height;  while  a  low  periodicity  will  return  it 
to  the  normal  path  more  slowly,  as  shown  by  dotted  line 
di  (Fig.  1).  Even  if  the  upper  curve  were  higher,  if 
it  is  proportionately  longer  before  returning  to  normal, 
a  more  favorable  ridinjr  quality  will  result. 

While  the  formula  for  finding  the  periodicity  of  a 
spring,  or  number  of  vibrations  per  minute,  can  be 
found  in  any  textbook  on  the  subject,  let  us  analyze  it 
by  simple  practical  experiments.  If  we  take  four  leaves 
of  spring  steel,  all  of  which  are  identical  as  to  length 
and  thickness,  and  if  we  hold  one  end  fixed  and  leave 
the  other  free  to  vibrate,  we  find  that  without  any  load 
the  periodicity  will  be  the  same  whether  we  have  one 
leaf  or  two,  three  or  four  leaves  together.  If  the  leaves 
are  straight  and  smooth,  so  that  there  is  no  friction 
between  them,  we  will  also  find  that  the  amplitude  of 
deflection  is  practically  the  same  for  the  same  load 
per  spring,  as  is  also  the  number  of  vibrations,  before 
the  spring  finally  stops.  If  we  now  place  a  weight  of 
1  lb.  on  the  free  end  (See  Fig.  4),  we  find  the  amplitude 
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of  deflection  larger  but  its  periodicity  lower.  For  in- 
stance, in  one  case,  without  any  load  on  the  free  end, 
a  certain  spring  30  in.  long  had  a  periodicity  of  126 
vibrations  per  min.  regardless  of  the  number  of  leaves. 
When  1  lb.  was  placed  on  the  free  end,  the  vibrations 
were  reduced  to  100;  with  2  lb.  to  86;  with  8  lb.  to  78; 
with  4  lb.  to  73,  etc.  When  1  lb.  was  placed  on  the 
spring  composed  of  two  leaves,  the  periodicity  was  112, 
but  with  2  lb.  it  was  100;  with  three  leaves,  1  lb.  re- 
duced the  vibrations  to  only  116;  2  lb.  to  108;  3  lb.  to 
100,  etc.  This  is  shown  graphically  in  Fig.  4.  With 
1  lb.  on  one  leaf,  2  lb.  on  two  leaves,  etc.,  the  periodicity 
as  well  as  the  amplitude  remains  the  same^  By  shorten- 
ing the  leaf  to  24  in.  the  vibrations  were  increased  to 
196,  without  load,  while  with  a  1-lb.  load  they  dropped 
to  142;  with  2  lb.  to  120,  and  with  3  lb.  to  110.  Two 
leaves  shortened  to  24   in.  gave  a  periodicity  of  172, 


•O 


//A    Yibra+i'ons 
eB       per  min   100 


I  Leaf 


Z Leaves 


2  lb. 
^         ^       ^    100 
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I       h^TimiV^MWiViViVntniii ^ 
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t»       w    100 


ft       n    100 


4  Leaves 

Fig.  4 — The  Period  of  an  Unloaded  Spring  Is  the  Same 
irrespbcnvb  op  the  number  of  leaves 

with  a  1-lb.  load;  142  with  2  lb.,  etc.  Three  leaves 
gave  a  periodicity  of  176  with  a  1-lb.  load;  142  with 
3  lb.,  etc.  We  can  state,  therefore,  that,  everything 
else  being  equal,  a  heavier  load,  which  is  always  accom- 
panied by  a  larger  static  deflection,  causes  a  greater 
fiber  stress  in  the  spring;  and  the  heavier  the  load,  or 
the  greater  the  deflection  or  the  greater  the  fiber  stress, 
the  slower  the  periodicity. 


*  It  might  be  mentioned  that  these  tests  were  not  carried  out  with 
extreme  accuracy ;  also,  the  load  was  not  pound  weights,  but  blocks 
of  uniform  size  and  small  weight 
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Let  US  now  consider  the  effect  of  friction  between 
the  leaves.  In  the  simple  experiments  covered  by  d. 
Fig.  4,  rubber  bands  were  tied  around  the  springs  to 
create  friction  between  the  leaves.  We  still  obtain 
vibrations  at  the  rate  of  practically  100  per  min.,  but 
instead  of  being  able  to  count  the  vibrations  for  a  whole 
minute,  they  are  damped  out  in  about  10  sec.  and  the 
static  deflection  is  less  than  it  was  without  the  rubber 
bands.  It  is  thus  evident  that  friction  between  the 
leaves  reduces  the  amplitude  of  deflection  and  the  num- 
ber of  spring-inertia  vibrations  before  the  spring  comes 
to  rest. 

Spring  Inertia 

Another  simple  experiment  showed  that  a  thin  spring, 
such  as  is  shown  in  Fig.  5,  when  hit  quickly  on  the  free 
end,  first  assumes  the  shape  a,  then  h,  and  finally  e; 
when  it  will  continue  its  vibrations  as  in  c,  gradually 
declining  in  amplitude  until  it  comes  to  rest.  In  other 
words,  when  quickly  applying  the  load  at  the  free  end, 
the  spring  will  not  at  first  be  flexed  over  its  entire 
length  but  gradually  flex  from  the  point  where  the  load 
is  applied  toward  the  fixed  end. 

If  the  spring  is  very  thin,  air  resistance  may  be  the 
chief  cause  of  this  retarded  deflection  of  a  portion  of 
the  spring,  but  inertia  is  an  important  factor.  We 
may  ask  whether  something  else  does  not  prevent  in- 
stantaneous flexure  of  the  entire  length.  It  seems  that 
scientists  are  agreed  that  no  delay  is  caused  by  mole- 
cular intercommunication  in  the  spring  material  itself. 
On  the  other  hand,  Thomson  and  Joule  discovered  that 
metal,  when  subjected  to  stress  within  its  elastic  limit, 
experiences  a  very  small  change  in  temperature,  dimi- 
nution for  tension  stresses  and  an  increase  for  com- 
pression stresses,  and  that  the  change  in  temperature 
is  proportional  to  the  change  in  the  stress  applied.  I 
believe  it  was  Lord  Kelvin  who  found  a  difference  in 
the  electrical  resistance  of  stressed  and  of  unstressed 
metal.  It  would  be  interesting  to  hear  from  members 
who  have  conducted  experiments,  whether  to  their 
knowledge  springs  were  ever  set  vibrating  in  the  labora- 
tory at  such  a  rate  as  to  attain  an  acceleration  of  3000  or 
4000  ft.  per  sec.  per  sec.  at  their  free  ends.  The  fact  that 
a  spring  does  not  respond  instantaneously  over  its  entire 
length,  as  disclosed  from  the  experiment  mentioned  be- 
fore  (See  Fig.  5),  would  indicate  that  if  we  set  the 
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Pia.  5 — Positions  Assumed  by  a  Thin  Spring  after  Being 
Deflected 

spring  vibrating  at  a  slower  rate  it  would  be   more 
satisfactory. 

Fundamentals  of  Periodicity 

We  may  briefly  analyze  the  fundamental  equation 
governing  the  time  t  in  seconds,  required  for  one  period 
or  one  oscillation  down  and  one  up:  Assume  a  helical 
spring  suspended  vertically  and  supporting  a  mass  m 
whose  weight  is  mg  lb.;  then  the  mass  will  come  to  a 
position  of  equilibrium  when  the  restoring  force  of 
the  spring  is  equal  to  mg.  According  to  Hooke's  law, 
if  /  is  the  force  in  pounds  required  to  elongate  the  spring 
one  unit,  then  fa  will  be  the  force  required  to  elongate 
the  spring  a  units.  Since  the  spring  obeys  Hooke's  law, 
the  restoring  force  tending  to  bring  the  mass  to  its 
position  of  equilibrium  is  proportional  to  the  displace- 
ment from  the  position  of  equilibrium,  and,  therefore, 
if  free  to  vibrate  will  execute  a  simple  harmonic  motion. 

The  acceleration  for  a  simple  harmonic  motion  is  —  «. 

f 

Therefore,  the  force  for  the  displacement  s  is  m  — «, 

f 
but  this  must  be  equal  to  the  restoring  force.    Therefore 

m  — 8  =  fs,  from  which  t*  = and  t  =  2»'  ^ — 

f  /  If 

The  mass  and  the  restoring  force  alone  govern  the 
periodicity.  The  restoring  force  in  a  leaf  spring  depends 
on  the  length,  thickness  and  width  of  the  leaf  and  on 
the  modulus  of  elasticity. 

In  comparing  leaf  and  coil  springs  proper  allowance 
must  be  made  for  the  spring  mass  involved,  but  in 
general  the  formula  governing  all  vibrating  bodies  is: 


S  =  2ir  J 


Resistance 


Restoring  force. 
In  this  connection,  it  will  be  interesting  to  compare 
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Vtbrvrfton  of  Comb/naf-ion 
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FiQ.  6 — Combining  a. Leaf  and  a  (7oil  Spuinu  ii..Di  ..ks  the 

I'ERIODICITY-   OF    IOaCH 

the  periodicity  of  a  leaf  spring  having  a  certain  deflec- 
tion with  that  of  a  coil  spring  with  the  same  deflection. 
Suppose  a  single-leaf  spring,  like  those  shown  in  Fig.  4, 
be  given  by  the  application  of  a  certain  weight  a  deflec- 
tion at  the  end  of  the  spring  of  2.5  in. ;  and  suppose  that 
upon  setting  it  vibrating  its  periodicity  is  found  to  be 
80  vibrations  per  min.  By  taking  a  helical  spring  of 
such  length  and  stiffness  that  the  same  weight  deflects 
or  elongates  it  also  2.5  in.,  we  obtained  by  actual  test 
a  periodicity  of  120,  Of  course,  this  amount  would 
vary  somewhat  in  changing  the  weight  of  the  spring, 
but  it  can  be  stated  that  ordinary  coil  springs  used  in 
practice,  for  supporting  and  cushioning  similar  loads, 
have  a  very  much  larger  number  of  vibrations  per  min- 
ute than  leaf  springs  carrying  the  same  load.  To  re- 
duce the  number  of  vibrations  to  that  of  the  leaf  spring, 
80  per  min.,  it  was  necessary  to  increase  the  length  of 
the  coil  spring  to  such  an  extent  that  its  static  deflection 
for  the  same  weight  amounted  to  about  5  in.,  or  double 
the  deflection  of  the  leaf  spring. 

If  the  two  springs,  having  the  same  periodicity,  are 
now  taken  and  connected  together  in  series  as  shown 
in  Pig.  6,  and  the  same  weight  be  suspended  therefrom, 
we  obtain  a  combined  periodicitjr*  of  62.  It  is  thus  seen 
that  a  combination  of  two  springs  reduces  the  peri- 
odicity. It  has  been  stated  by  some  engineers  that  the 
use  of  coil  springs  at  the  ends  of  the  leaf  spring,  such 
as  are  employed  in  certain  coil-spring  "shock  absorbers," 
does  not  reduce  the  periodicity  of  the  combination.  I 
have  found  in  every  case  that  such  application  brings 


•The  experiments  were  crude,  hence  an  error  of  2  or  3  per  cent 
Is  likely. 
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about  a  diminution  in  the  number  of  vibrations  per 
minute,  although  in  some  cases,  when  the  proportion  of 
coil-spring  deflection  to  leaf  deflection  is  very  small, 
as  with  the  coil-spring  "shock  absorbers,"  the  decrease 
is  almost  negligible.  It  has  been  found  that  by  attach- 
ing a  coil  ^ring  at  the  end  of  a  leaf  spring,  especially 
when  the  coil-spring  deflection  or  elongation  per  unit 
weight  is  considerably  greater  than  that  of  the  leaf 
spring,  the  coil  spring  does  reduce  the  acceleration  of 
the  free  ^id  of  the  leaf  spring.  When  several  leaves 
are  used  and  considerable  frictional  surface  between 
the  leaves  is  thus  introduced,  the  coil  spring  will  absorb 
slight  vibrations  without  transmitting  them  perceptibly 
to  the  leaf  spring. 

This  is  precisely  what  happens  in  practice  by  the 
application  of  coil  springs  to  the  ends  of  leaf  springs. 
They  absorb  the  small  rapid  vibrations,  while  the  leaf 
spring  is  practically  at  rest,  but  in  the  case  of  large 
vibrations,  the  leaf-spring  deflection  is  the  governing 
factor.  Nevertheless,  the  deflection  of  the  coil  spring 
is  added  to  that  of  the  leaf  spring,  and  reduces  the 
acceleration  of  the  "free"  end  of  the  leaf  spring  or 
that  end  to  which  the  coil  spring  is  attached.  It  is 
believed  that  better  results  could  be  obtained  with  sup- 
plementary springs  attached  somewhere  between  the 
leaf  spring  and  the  axle,  for  in  that  case  the  small  vibra- 
tions would  not  of  necessity  be  transmitted  through  the 
entire  length  of  the  leaves  before  reaching  the  coil 
spring;  and  in  addition,  this  would  add  to  the  sprung 
weight  as  far  as  its  effect  on  the  coil  spring  is  concerned, 
since  the  latter  would  then  carry  the  weight  of  the  leaf 
spring. 

Having  found  that  the  ordinary  coil  spring  of  a  given 
deflection  has  a  higher  periodicity  than  a  leaf  spring, 
it  appears  that  by  substituting  a  separate  leaf  spring 
between  the  main  spring  and  the  axle,  better  results 
might  be  expected.  My  experience  in  this  connection 
may  be  of  interest.     While  engaged  recently  in  rede- 
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signing  a  rather  heavy  motorcycle  with  a  side-car  v^rhich, 
among  other  defects,  rode  most  uncomfortably,  I  found 
that  the  side  car  frame  was  rigidly  attached  to  the  axle 
(See  Fig.  7).  There  were  leaf  springs  38  in.  long  be- 
tween the  frame  and  the  side-car  body,  but  the  propor- 
tion of  unsprung  to  sprung  weight  was  comparatively 
large,  because  the  frame  rested  directly  on  the  axle. 
There  was  available  also  an  experimental  side-car  frame 
terminating  in  a  short,  stiff  quarter-cantilever  spring 
attached  to  the  axle.  The  body  was  mounted  directly 
on  the  frame.  In  testing  this  on  the  road  it  was  found 
to  be  as  bad  as  an  empty  truck  as  far  as  riding  quality 
is  concerned.  The  body  was  consequently  removed  and 
the  first  side-car  body  with  semi-elliptic  springs  placed 
on  the  frame,  which  terminated  in  the  cantilever  spring, 
as  shown  in  Fig.  8.  This  gave  a  combination  of  short 
flat  springs  between  the  axle  and  the  frame  with  the 
ordinary  semi-elliptic  springs  underneath  the  body.  The 
first  test  of  this  combination  was  a  revelation.  It  was 
the  unanimous  opinion  of  those  who  tried  it  that  it 
rode  with  greater  comfort  than  any  high-priced  auto- 
mobile. This  shows  the  advantage  of  having  an  extra 
spring  below  the  main  one.  In  the  first  place,  this  gives 
an  added  deflection,  although  in  this  case  the  defection 
per  unit  weight  was  very  small  indeed  compared  with 
the  main  spring,  and  this  reduced  the  periodicity  of  the 
body,  and  secondly  the  acceleration  and  velocity  of  the 
free  ends  of  the  main  spring  were  therefore  less. 

Thus,  to  obtain  increased  comfort,  one  suggested 
method  is  to  provide  an  auxiliary  spring,  preferably  of 
the  leaf  type.  Another  great  advantage  of  the  leaf 
spring  is  that  the  inter-leaf  friction  reduces  the  vibra- 
tions to  a  very  small  number  before  the  body  comes  to 
rest,  while  with  coil  springs  the  vibrations  continue  for 
a  long  time,  and  this  is  to  be  avoided  in  car  suspension. 
On  the  other  hand,  excessive  friction  between  the  leaves 
interferes  considerably  with  spring  deflection  and 
renders  the  spring  much  stiffer,  thus  imparting  greater 
shocks  to  the  sprung  weight.  It  seems  that  compara- 
tively little  friction  between  the  leaves,  as  for  instance 
when  they  are  lubricated,  is  sufficient  to  reduce  the  total 
number  of  vibrations  before  coming  to  rest  to  that  re- 
quired for  comfort,  except  when  going  at  high  speed 
over  bad  roads,  in  which  case  added  friction  is  advan- 
tageous. Friction  in  the  spring  shackles  also  influences 
the  deflection;  likewise  the  angle  of  the  shackle  with 
respect  to  the  spring.     If  this  angle  is  such  that  the 
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stress  applied  to  the  spring  is  at  right  angles  to  the 
leaves,  it  will  impart  purely  flexure  stresses  to  them. 
If  at  a  greater  angle,  it  will  cause,  in  addition,  buckling 
stresses;  and  if  the  angle  is  smaller,  tensile  stresses. 

Another  point  worthy  of  notice  is  that,  with  leaf 
springs  composed  of  a  number  of  leaves,  a  certain  load 
is  required  before  the  spring  begins  to  deflect,  due  to 
the  inter-leaf  friction.  This  is  a  serious  drawback  in 
both  automobile  and  truck  applications;  in  the  first 
case  it  renders  a  touring  car  less  comfortable  unless 
fully  loaded,  and  in  a  truck  it  means  excessive  jars  and 
shocks  when  empty  or  only  partially  loaded.  The  latter, 
under  such  conditions,  might  as  well  have  no  springs, 
in  many  cases,  since  at  such  loads  there  is  very  little, 
if  any,  spring  deflection.  The  result  is  rapid  deterio- 
ration. 


Fia.  9- 


-Efpbct  op  the  Height  of  the  Center  of  Gravity  and  the 
Length  of  the  Wheelbasb 


The  effect  of  the  height  of  the  center  of  gravity  and 
of  the  length  of  wheelbase  is  illustrated  in  Fig.  9. 
Consider  first  a  and  a^,  which  represent  respectively  the 
front  and  rear  wheel  of  a  car  having  a  long  wheelbase. 
Let  &i  represent  a  point  in  the  body  of  the  car.  When 
the  front  wheel  surmounts  an  obstruction  o,  point  &, 
will  be  moved  to  b„  due  to  the  angular  rise  of  the  front 
wheel  with  respect  to  the  normal  position  of  the  rear 
wheel.  In  this  case  the  backward  distance  is  very  small 
compared  with  that  shown  in  d,  and  d^  which  represents 
an  analogous  case  with  a  short-wheelbase  car.  It  is  the 
backward  or  transverse  motion  that  causes  the  pas- 
senger discomfort,  rather  than  the  vertical  motion, 
everything  else  being  equal,  and  naturally  the  greater 
the  horizontal  distance  through  which  the  passenger  is 
moved,  the  greater  the  discomfort.    These  remarks  apply 
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also  to  the  width  of  tread,  as  affecting  side-to-side  mo- 
tion. The  illustration  moreover  discloses  what  would 
happen  if  the  points  b^  and  d^  were  lowered,  or  the 
center  of  gravity  of  a  car  were  lowered;  the  horizontal 
or  transverse  motion  is  reduced  when  the  car  wheels 
rise  over  an  obstruction  or  sink  into  a  rut. 

Possible  Future  Constructions 

Having  so  far  considered  the  inherent  qualities  of  the 
present  ordinary  types  of  suspension  and  seen  how  the 
addition  of  auxiliary  springs  will  improve  the  suspen- 
sion, we  will  now  consider  possible  future  constructions 
where  no  auxiliary  springs  are  required,  keeping  in 
mind  that  springs  are  not  sensitive  at  light  loads,  do 
not  respond  instantaneously  under  very  rapid  applica- 
tion of  load  or  less  energy  is  required  to  deflect  a 
spring  mass  at  a  slower  rate  of  speed  and  that  a  rela- 
tively great  length  of  spring  is  necessary  to  obtain  a 
large  deflection  and  low  periodicity.  The  spring  deflec- 
tion increases  uniformly  with  the  load;  hence,  to  obtain 
more  comfort,  a  greater  total  deflection  must  be  pro- 
vided. This  is  objectionable  for  several  reasons,  such  as 
added  cost  and  weight  and  increased  inertia. 

Let  us  first  consider  the  effect  of  a  lever  arrangement, 
such  as  to  permit  a  large  movement  of  the  axle  com- 
pared to  the  frame  and  result  in  small  spring  deflection 
(See  Fig.  10),  to  ascertain  whether  this  holds  any 
promise  for  spring  suspensions  of  the  future.  Here  a 
represents  the  axle,  b  a  lever  or  solid  beam  pivoted  to  e, 
c  a  bracket  supporting  the  lever  and  attached  at  its 
upper  end  to  the  frame  /,  and  d  a  spring  of  any  descrip- 
tion. By  moving  the  axis  e  farther  away  from  the  axle, 
the  spring  flexure  can  be  made  very  small,  if  desired, 
for  a  large  upward  motion  of  the  axle.  But  the  one 
great  disadvantage  of  such  a  system  is  the  inertia  of  the 
beam  6.  A  sudden  blow  of  a  certain  rapidity  and  in- 
tensity will  break  the  beam  at  its  pivotal  point,  scarcely 
flexing  the  spring.  For  motor  vehicles,  therefore,  where 
the  upward  acceleration  of  the  axle  is  high,  it  is  believed 
such  a  construction  is  impractical  and  needs  no  further 
comment.  However,  if  the  beam  b  were  an  ordinary 
cantilever  spring  with  its  end  pressing  against  another 
spring  d,  which,  if  desired  may  be  a  coil  spring,  very 
much  better  results  could  be  obtained. 

Next,  consider  a  semi-elliptic  spring  a,  attached  to 
the  frame  (See  Fig.  11),  with  suspension  members  e 
connecting  the  spring-eyes  to  the  axle  d.    This  system 
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Fio.   10 — ^A  Lbver  Arbanobmbnt  Which  Permits  a  Larqe  Movs- 

ICXNT  OF   THB  AXLB  ReLATIVB   TO  THB  FRAME  AND  A   SMALL   SPRINQ 
DBnJBCTION 

offers  at  first  sight  the  advantage  of  being  very  sen- 
sitive at  light  loads,  when  the  axle  is  only  slightly  higher 
than  the  spring-eyes.  In  this  case,  when  the  axle  is 
moved  upward  to  c,  the  spring-eyes,  will  move  from  h 
to  i;  this  is  a  smaller  distance  than  the  axle  travels 
and  the  greater  the  distance  between  the  spring-eyes  the 
smaller  the  travel  of  the  latter  for  a  given  distance  of 
axle  movement,  based  on  the  principle  of  the  catenary. 
Tumbuckles  t  can  be  provided  to  tension  the  spring  in 
the  amount  required  for  a  satisfactory  static  deflection. 
The  disadvantage  of  this  construction  is  that  the  pull 
or  tension  exerted  on  the  spring  leaves  is  not  conducive 
to  purely  flexure  stresses,  since  the  greater  the  spring 
flexure  or  the  upward  movement  of  e  the  greater  the 
buckling  stress,  because  the  force  tending  to  flex  the 
spring  has  its  seat  at  the  axle.  The  spring  will  there- 
fore flex  in  the  reverse  direction  from  that  of  the  usual 
semi-elliptic  type,  and  I  understand  that  for  this  reason 
spring-makers  are  averse  to  springs  of  this  kind.  By 
looking  at  this  drawing  it  will  be  unders'tood  that  if 
the  axle  moved  still  higher  than  shown,  it  would  soon 
reach  a  point  where  the  tendency  is  to  flex  the  spring 
backward,  and  this  would  render  such  a  construction 
impractical  A  different  arrangement  which  in  my  opin- 
ion offers  a  field  for  future  development  is  that  dis- 
closed in  Fig.  12.     Suppose  we  take  springs  similar  to 


Pia.  11 — A  Sbmi-Elliptic  Spring  Attached  to  the  Frame 
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those  used  in  the  former  experiments  and  shown  in 
Fig.  4,  and  attach  them  rigidly  to  the  frame  in  a  vertical 
or  nearly  vertical  position,  and  then  connect  the  free  ends 
of  such  springs  by  a  cable  a,  or  two  rods  pivoted  in  the 
center.  If  we  now  apply  a  load  w  at  the  center  of  the 
cable,  we  shall  obtain  a  certain  deflection  depending  upon 
the  magnitude  of  the  load,  the  span  between  the  spring 
ends  bb  and  the  tension  in  the  springs  88.    Suppose  we 


FiQ.  12 — A  Spring  Arranqbmknt  Offerinq  Possibilities  for 
Future  ijevklopment 

now  increase  the  load  so  that  the  center  of  the  cable 
will  be  deflected  to  c;  the  spring  ends  will  move  inward 
from  bb  to  ee,  a  distance  small  in  comparison  with  the 
amount  w  has  moved.  Thus,  for  a  large  deflection  in 
the  center  we  have  a  small  spring  flexure.  If  now  the 
load  is  still  further  increased,  the  weight  will  reach  d, 
while  spring  ends  e  will  move  to  /.  It  is  noteworthy 
that  while  the  distances  w  to  c,  and  c  to  d,  are  equal, 
the  spring  'deflection  is  about  double  in  the  second 
instance.  In  a  rough  test  under  these  conditions  the 
deflections  under  various  loads  and  their  periodicity 
were  measured,  the  distance  between  the  center  of  cable 
and  spring-eyes  being  2  ft.  The  spring  tension  was 
adjusted   so  that  the   same   weights   as   were   used  in 


Fig.  13 — ^An  Arrangement  in  Which  the  Spring  Deflection  Is 
One-Third  That  of  the  Load 
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Fio    14 — REPLACING  One  Spring  and  One  Tension  Bar  by 
Radius- Rods 


previous  experiments  (See  Fig.  4)  gave  deflections 
measured  vertically  at  the  center  of  the  suspension  where 
the  load  was  applied  and  periodicities  as  given  in  the 
accompanying  table: 

Number  of  Weights    Deflections,  in.    Vibrations  per  min. 


3.50 
6.75 
7.50 
9.00 
10.10 
10.80 


96 
82 
76 
73 
70 


Fig.  '15 — A   Pro-nt-Spring   Arrangement   Employing   Radius-Rods 

When  the  distance  between  the  spring-eyes  and  the 
point  of  load  application  was  increased  to  30  in.,  the 
periodicity  was  found  to  be  a  trifle  lower  when  the 
tension  was  adjusted  so  that  the  application  of  the 
same  load  gave  a  similar  load-deflection.  With  a  greater 
distance,  a  greater  spring-tension  wds  necessary  for  the 
same  load-deflection.  However,  with  the  same  spring- 
tension  maintained,  the  deflection  under  a  given  load 
will  be  greater. 

Fig.  13  shows  one  way  in  which  a  type  of  suspension 
can  be  applied  to  a  motor  vehicle.  In  this  case  /  is  the 
frame,  ss  the  springs,  a  the  axle,  and  it  the  tension 
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bars.  In  this  example  the  spring's,  as  seen,  deflect  only 
about  one-third  the  distance  of  the  load  deflection.  The 
construction  illustrated  can  be  simplified  by  using 
radius-rods,  commonly  installed  on  motor  vehicles,  to 
take  the  place  of  one  spring  and  one  tension  bar,  as 
shown  in  Fig.  14.  Fig.  15  shows  a  similar  arrange- 
ment for  the  front  spring;  /  is  the  frame,  8  the  spring, 
t  the  tension  rod,  r  the  radius-rod  and  a  the  axle.  In 
Fig.  14  the  arc  xx^  shows  the  path  of  the  axle  travel 
when  the  spring  is  flexed.  To  make  the  axle  g'o  back- 
ward as  well  as  upward  when  meeting  an  obstacle,  the 
anchorage  of  the  radius-rod  can  be  moved  higher,  to  2, 
for  instance,  in  which  case  the  axle  will  travel  along 
the  arc  yVi.  In  addition  to  overcoming  the  defects  of 
the  ordinary  spring  suspensions  before  mentioned,  with 
this  type  of  suspension  the  weight  of  the  spring  is 
removed  from  the  axle  and  added  to  the  sprung  weight, 
which  we  have  seen  before  is  conducive  to  added  com- 
fort. 

Let  us  now  examine  the  tension  in  the  rods  and  the 
bending  moment  of  the  spring  at  the  spring  seat.  We 
will  assume  that  the  pull  exerted  is  at  right  angles  to 
the  spring  leaf,  as  it  can  be  in  practice  with  this  tjrpe 
of  construction  (See  Fig.  13).  Suppose  the  weight  w 
at  normal  load  is  1000  lb.  and  at  maximum  deflection 
2000  lb. ;  the  length  I  of  the  tension  rods,  that  is  to  say, 
the  length  between  the  axle  and  the  spring-eyes,  is  24 
in.  If  the  maximum  deflection  is  10  in.  from  the  hori- 
zontal position  (See  Fig.  16),  the  tension  t  in  the  rods 
pulling  against  the  springs  can  be  found  by  direct  pro- 
portion: 

I      2d  Iw      24x2000 

— .  =  — .ort  =  — = =  2353  lb. 

t      w  2d         2x10 

If  the  free  length  of  the  spring,  from  the  spring-eye 
to  the  seat,  is  14  in.,  or  approximately  1.17  ft.,  the 
bending  moment  at  the  spring  seat  will  be  2353  x  1.17  = 
2750  ft.-lb.  approximately.  This  would  compare  with  a 
semi-elliptic  spring  somewhat  as  follows:  Length  pt 
spring  approximately  56  in.,  with  a  free  length  on  each 
side  of  26  in.  Spring  deflection  1  in.  for  every  200  lb. 
of  load.  Normal  1000-lb.  load  deflection  5  in.  and  maxi- 
mum total  deflection  10  in.  at  2000  lb.  We  have  at  the 
maximum  deflection  1000  lb.  at  each  side  of  a  spring 
length  of  26  in.,  or  2.17  ft.,  and  the  bending  moment 
is  1000  X  2.17  =  2170  ft.-lb.,  about  one-quarter  less  than 
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with  the  above  suspension.  In  spite  of  that,  the  weight 
of  the  two  springs  of  Fig.  13  can  be  made  less,  since 
their  combined  length  is  not  much  more  than  one-half 
that  of  the  semi-elliptic.  The  weight  of  the  construc- 
tions shown  in  Figs.  14  and  15  is  approximately  one- 
half  that  of  the  suspension  of  Fig.  13. 

With   these   types   of   suspension   provision   must   be 
made  for  the  lateral  strength  of  the  frame,  but  there 


Fig.   16 — Diagram   Showing  thb  Rei*a.tion  bbtwbbn  Weight, 
Deflection  and  Length  of  the  Tension  Hod 

are  various  simple  means  available  for  accomplishing 
this.  One  feature  which  I  felt  uncertain  about  without 
a  practical  model  was  the  amount  of  rebound  as  com- 
pared with  the  ordinary  semi-elliptic  spring.  I  accord- 
ingly applied  this  suspension  to  the  rear  of  a  Ford  car 
and  was  surprised  at  the  absence  of  large  rebounds. 
Evidently  the  friction  between  the  leaves  was  sufficient 
to  dampen  the  oscillations  very  quickly. 

To  summarize,  the  advantages  that  the  suggested 
suspension  appears  to  offer  are:  Sensitiveness  at  light 
loads;  a  minimum  flexure  for  a  maximum  of  axle  motion; 
sensitiveness  at  all  loads  against  quick  upward  thrusts 
of  the  axle;  reduced  weight  of  the  unsprung  mass;  the 
spring  deflection  does  not  increase  uniformly  with  the 
load  but  provides  larger  deflections  at  light  loads  and 
proportionately  small  deflections  near  the  maximum  load, 
and  a  saving  in  spring  weight.  The  practical  develop- 
ment of  this  type  of  suspension  will  no  doubt  disclose  a 
number  of  minor  problems,  but  none  of  these  is  in  my 
opinion  impossible  of  solution.    The  type  appears  to  me 
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to  be  one  most  promising  as  yielding  improvements  over 
existing  suspensions. 

THE    DISCUSSION 

Dr.  Benjamin  Liebowitz: — The  diagrams  (Fig.  2)  in 
Mr.  Favary's  paper  showing  the  desirability  of  low  un- 
sprung weight  are  somewhat  misleading,  in  that  he  has 
assumed  the  same  spring  for  both  large  and  small  sprung 
weights.  For  a  basis  of  comparison,  however,  the  same 
static  deflection  should  have  been  assumed.  This  fact 
makes  the  problem  more  complicated,  but  quantitative  re- 
sults were  worked  out  and  curves  drawn  (See  Figs.  11, 
12,  13,  14  and  18)  in  a  paper  I  read  before  the  Society  in 
1916  entitled  On  the  Dynamics  of  Vehicle  Suspension.* 

The  advantages  of  a  low  unsprung  weight  lie  not  only 
in  the  reduced  vertical  motions  of  the  axle  and  body,  but 
even  more  in  the  reduced  fore-and-aft  shocks  and  the 
increased  ability  of  the  car  to  hold  the  road. 

Mr.  Favary  illustrates  his  theories  with  accelerations 
of  3888  ft.  per  sec.  per  set.  This  is  about  120  times  the 
acceleration  of  gravity.  Now,  from  the  laws  of  motion 
we  know  that  to  impart  to  a  body  an  acceleration  of  120 
times  gravity,  we  must  impress  upon  that  body  a  force 
equal  to  120  times  its  weight.  The  unsprung  weight 
assumed  in  the  paper  is  300  lb.  Hence,  the  wheel  would 
have  to  have  impressed  on  it  a  force  of  120  X  300  = 
36,000  lb.  Since  the  wheel  load  for  which  the  axle  was 
designed  is  1200  lb.,  a  factor  of  safety  of  30  would  be 
required  in  the  wheel,  bearings,  axle,  etc.  Obviously, 
such  accelerations  do  not  occur,  except  in  serious  acci- 
dents, and  have  no  effect  on  spring  design.  In  arriving 
at  this  acceleration,  the  author  speaks  of  upward  wheel 
velocities  of  18  ft.  per  sec;  To  give  some  idea  of  what 
happens  with  upward  velocities  of  only  12  ft.  per  sec., 
reference  may  be  made  to  the  curves  of  Fig.  14  of  my 
above  cited  paper. 

The  experiments  described  in  Mr.  Favary's  paper  can- 
not be  applied  to  vehicle  suspensions,  because  masses  were 
attached  to  the  spring  whose  weights  were  of  the  same 
order  of  magnitude  as  the  spring  itself,  whereas,  in  all 
practical  applications,  the  weight  on  the  spring  is  fifteen 
to  thirty  times  the  weight  of  the  spring.  The  periods, 
and  there  are  many  of  them,  of  a  spring  itself  are  of 
little  importance;  it  is  the  period  of  the  assembly,  spring 
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and  sprung  mass,  that  counts.  To  illustrate  by  a  very 
rough  analogy,  imagine  an  anchor-ring  hung  by  a  string 
so  as  to  form  a  simple  pendulum;  the  anchor-ring  will 
have  certain  periods,  which  can  be  excited  by  striking  it 
with  a  mallet ;  but  these  periods  have  nothing  to  do  with 
the  period  of  the  pendulum,  as  a  whole. 

Spring  inertia  is  a  complicated  subject.  Those  who 
may  be  interested  are  referred  to  vol.  I  of  the  Theory 
of  Sound,  by  the  late  Lord  Rayleigh.  The  complication 
lies  in  the  fact  that  the  velocity  of  propagation  of  trans- 
verse waves  in  a  bar  or  plate  is  not  a  constant,  as  in  the 
case  of  longitudinal  vibrations,  but  increases  with  the 
frequency  of  the  vibrations.  I  went  into  the  theoretical 
side  of  this  matter  to  some  extent  a  few  years  ago  and 
found  that  the  inertia  of  the  spring  enters  very  little  into 
the  practical  aspects  of  the  problem.  This  conclusion  has 
been  experimentally  corroborated  several  times;  I  may 
cite,  for  example,  the  steam-hammer  test  which  I  made 
several  years  ago  on  a  full-sized  2-ton  truck  spring,  which 
was  subjected  to  conditions  far  more  drastic  than  would 
ever  be  encountered  under  the  most  severe  service  condi- 
tions. I  do  not  know  how  high  the  accelerations  due  to 
the  blows  were,  but  they  were  certainly  far  higher  than 
encountered  in  actual  practice.  If  spring  inertia  would 
enter  at  all,  it  would  certainly  enter  here,  but  there  were 
no  indications  that  it  played  any  appreciable  role.  I 
shall  revert  to  this  test  presently. 

In  the  absence  of  more  information  on  the  experiments 
described,  I  cannot  make  any  further  remarks  on  this 
point,  except  to  say  that  a  bar  can  be  made  to  vibrate 
transversely  in  a  variety  of  modes ;  but  this  is  no  indica- 
tion that  the  bar,  when  placed  in  a  leaf  spring,  will 
vibrate  in  partial  modes  under  actual  service  conditions. 
The  result  of  the  experiments  mentioned  in  Mr. 
Favary's  paper,  that  to  obtain  a  given  period  with  a 
mass  hung  by  a  coil'spring,  twice  the  static  deflection  is 
necessary  as  compared  with  a  leaf  spring,  is  astonish- 
ing; and  all  the  more  so,  since  the  author  first  derives 
the  period  formula. 


Period  =  2  IT -4/  ^ 


[  =  2irJ 

which  is  readily  transformed  into 

Period  =  2  ttJL 
where  8,  the  static  deflection,  enters  as  the  only  variable. 
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Here  again  the  author  probably  used  weig^hts  which  were 
smaller  than  the  weight  of  the  coil  spring  itself. 

If  there  is  any  doubt  as  to  the  accuracy  of  the  period 
formula,  as  applied  to  a  coil  spring  whose  mass  is  small 
compared  with  that  of  the  suspended  weight,  which  con- 
dition always  obtains  in  practice,  it  can  be  checked  on 
the  seismograph  which  I  have  here.  It  is  true  that  a 
coil  spring  can  be  more  easily  set  into  partial  modes  of 
vibration  than  a  leaf  spring;  but  if  this  made  much 
practical  difference,  we  should  feel  on  the  finest  Pullman 
cars  a  constant  disagreeable  tremor,  due  to  the  impact 
forces  of  steel  wheels  on  steel  rails;  which  forces  are 
much  higher  than  those  encountered  in  motor  vehicles. 

There  is  one  other  point  in  this  connection.  Assuming 
that  a  given  coil  spring,  by  itself,  has  higher  natural 
frequencies  of  vibration  than  a  corresponding  leaf  spring, 
by  itself,  this  would  indicate  relatively  higher  rates  of 
wave  propagation  in  the  coil  spring.  Higher  velocities  of 
propagation,  on  the  other  hand,  would-make  a  spring  more 
suitable  for  rapid  vibrations.  If  any  conclusion  from  the 
experiments  described  were  at  all  possible,  it  would  be 
that  the  coil  spring  is  better  for  rapid  vibration  than 
the  leaf  spring. 

In  Fig.  10  the  author  illustrates  a  lever  suspension 
which  he  indicates  would  solve  the  alleged  problem  of 
spring  inertia,  except  that  the  lever  would  break  on  ac- 
count of  the  inertia  forces  under  high  accelerations. 
This  point  is  worthy  of  further  scrutiny.  To  carry  900 
lb.,  such  a  lever,  if  say  24  in.  long,  and  properly  designed, 
would  hardly  weigh  32  lb.  Also,  its  radius  of  gyration 
would  certainly  not  exceed  about  12  in.    Now,  let 

P    =  Radius  of  gyration  or  1  ft. 

M  =  Mass  of  lever  ^^  =  %  =  1 

Qc  =  Angular  acceleration 

a  =  Linear  acceleration  at  end  of  long  arm 

I    =  Length  of  long  arm  or  2  ft. 

F  =  Inertia  force  at  end  of  long  arm 

According  to  well-known  formulas, 

Mp'cc=Fl 
But  the  angular  acceleration  oc  is  related  to  the  linear 
acceleration  a  by 

oc  =y-,  hence 
Mp'^=Fl,  or 
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F  =  Af  a  ^ 

Putting:  in  the  values  of  M9  and  I  indicated  above,  and 
choosing  for  a  the  acceleration  used  in  the  paper,  of  3888 
ft.  per  sec.  per  sec.,  we  get 

^  =  H  >^  ^^^^  >^Gy  "  ^'^^  ^^' 
In  other  words,  even  with  the  acceleration  assumed  in 
the  paper,  which  would  destroy  the  wheel  and  axle,  the 
inertia  force  on  the  lever  would  be  about  the  same  as  the" 


Pio.  17 — A  2 -Ton  Truck  EkjuiPPED  with  a  Special  Type  of  Spring 
Suspension 

normal  load  on  the  lever,  and  would  be  taken  care  of  by 
ordinary  factors  of  safety.  In  fact,  lever  suspensions 
have  been  built  and  tried  out.  They  have  not  made  prog- 
ress primarily  because  they  do  not  achieve  any  new 
result.  I 

After  the  lever  suspension,  the  author  discusses  what 
may  be  called  suspensions  proper.  The  use  of  such  sus- 
pensions dates  back  to  the  stage-coach  days.  In  fact  I 
have  seen  one  illustration  which  is  taken  from  a  British 
patent  dated  1798.  I  believe  there  are  extant  in  this 
country  several  examples  of  coaches  having  that  type  of 
spring  support.     The  contention  that  such  suspensions 
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offer  a  savingr  in  weight  of  spring  material  is  contrary 
to  basic  principles,  that  the  weight  of  a  spring  is  deter- 
mined by  the  amount  of  energy  it  must  store,  the  fiber 
stress,  the  type  of  spring,  whether  torsional  or  flexural, 
and  the  uniformity  of  stress  distribution,  whioh  deter- 
mines the  weight  efficiency.  Furthermore,  the  use  of 
straight  springs,  such  as  shown  in  the  author's  Fig.  14, 
leads  to  an  utterly  impracticable  design.  When  I  laid 
down  the  design  shown  in  the  accompanying  photo- 
graph, I  calculated  out  some  straight  springs.  But  the 
depth  of  the  springs  came  out  about  the  same  as  their 
length,  and  the  leaves  were  too  thin  for  a  practical  design. 

In  discussing  the  use  of  curved  springs  in  such  suspen- 
sions, the  author  chose  a  rather  poor  example.  About 
four  or  five  years  ago  I  equipped  a  2-ton  truck  with 
springs  built  along  such  lines,  a  photographic  view  of 
which  is  shown  in  Fig.  17.  There  is  a  radical  departure 
in  this  design,  whereby  radically  new  results  are  achieved. 
The  outstanding  structural  feature  is  that  the  springs  of 
the  suspension  have  an  initial  strain  which  is  large  in 
comparison  with  the  subsequent  strains  due  to  axle  and 
body  motions.    See  Figs.  18  and  19. 

The  important  results  achieved  are  (a)  a  means  is 
provided  for  obtaining  substantially  perfectly  elastic 
forces  from  an  imperfectly  elastic  medium;  (&)  the  fiber 
stress  in  the  spring  material,  though  high,  is  nearly  con- 
stant, and  breakage  due  to  fatigue  is  thereby  eliminated. 
This  latter  is  proved  not  only  by  Wohlers'  famous  experi- 
ments, made  over  fifty  years  ago  and  subsequently  verified 
by  many  experimenters,  but  also  by  our  own  comparative 
steam-hammer  test.  In  this  test  we  delivered  to  the  ordi- 
nary spring  blows  which  caused  a  deflection  of  full-load 
plus  60  per  cent.  At  15,000  blows  the  spring  began  to 
fail;  at  30,000  it  was  a  misshapen  mass  of  steel. 

To  the  "constant-stress"  suspension  we  delivered  blows 
causing  a  deflection  of  full-load  plus  140  per  cent.  At 
40,000  blows  a  tension  member  broke  at  a  rivet  hole.  The 
tension  member  was  repaired  and  the  spring  put  back  on 
the  truck.  That  truck  is  in  operation  today  with  the  same 
set  of  springs.  If  any  appreciable  buckling  stresses  ex- 
isted in  this  suspension,  the  steam-hammer  would  cer- 
tainly have  found  them. 

I  spoke  of  steel  as  an  imperfectly  elastic  medium.  Is 
it?  As  a  result  of  five  years  of  observation  and  experi- 
ment, during  the  last  six  months  of  which  we  have  had 
means  at  our  disposal,  through  the  development  of  the 
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FiQ.  18 — Testing  the  Special  Spring  Suspension 

seismograph,  which  have  hitherto  been  unavailable,  we 
have  found  that  the  conventional  leaf  spring,  when  prop- 
erly designed,  is  a  very  satisfactory  device,  when  new. 
The  basic  defect  of  the  conventional  spring  is  that  it  does 
not  stay  that  way.  And  the  trouble  is  not  due  to  the 
growth  of  interleaf  friction,  so  much,  but  to  the  growth 
of  molecular  friction.  In  short,  we  have  found  that  the 
chief  and  most  prevalent  cause  of  hard  riding  is  spring 
fatigue." 

In  the  "constant-stress"  suspension,  not  only  is  fatigue 
itself  minimized  by  the  fact  that  the  stress  range  is  small, 
but  also,  even  if  the  spring  material  should  develop  in- 
ternal friction  or  hysteresis,  the  suspension  will  continue 
to  ride  with  approximately  perfect  elasticity.  This  will  be 
proved  both  theoretically  and  practically  in  a  future  com- 
munication. 

In  the  suspension  shown  in  the  figures,  we  ran  the 
maximum  stresses  higher  than  would  be  permissible  in 


'  See  article  on  Elasticity,  by  Lord  Kelvin,  In  the  Ninth  Edition 
of  the  Encyclopedia  Brltannica,  for  interesting  information  on  this 
matter. 


Pig.   19 — The  Initial  Strain  in  This  Special  Spring  Suspension 

Is  LiABGb  Compared  with  Those  Resulting  from   Movements  of 

the  Axle  and  the  Body 
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ordinary  springs.  Also,  because  the  springs  were  de- 
signed for  practically  one  position,  we  obtained  very  high 
weight  efficiencies  in  the  spring  material.  In  consequence, 
the  weight  of  spring  material  required  was  but  little  more 
than  in  the  conventional  type  of  spring.  Nevertheless, 
the  suspensions,  as  a  whole,  did  weigh  considerably  more 
than  the  equipment  they  replaced.  Furthermore,  it  was 
not  always  easy  to  find  space  for  the  spring  material,  and 
to  make  the  design  architecturally  satisfactory. 

Coil  springs  can  be  designed  to  weigh  40  per  cent  or 
less  than  corresponding  leaf  springs.  We  have  reverted 
to  coil  springs,  which  we  used  in  our  first  laboratory  ex- 
periments, and  have  been  thereby  enabled  to  produce  very 
satisfactory  designs  from  all  practical  standpoints. 

E.  Favary: — Dr.  Liebowitz  says  that  I  have  assumed 
"the  same  spring  for  both  large  and  small  sprung 
weights."  I  did  not  make  any  such  assumption.  In  my 
paper.  Fig.  2,  I  show  two  examples,  a  light  and  a  heavy 
sprung  weight;  the  mass  of  the  latter  appearing  to  be 
more  than  20  times  that  of  the  light  weight.  Would  any 
engineer  consider  for  a  moment  the  use  of  the  same 
spring  for  two  weights  of  such  disparity?  I  stated 
plainly,  when  describing  the  case  of  the  heavy  unsprung 
weight  that  "no  matter  how  weak  or  strong  the  spring 
above  which  supports  the  light  weight  may  be,  it  will 
carry  the  small  weight  along  with  it." 

In  the  paper  referred  to,  which  Dr.  Liebowitz  read  in 
1916,  he  says  that  "to  make  the  subject  amenable  to 
analysis  and  the  results  simple  enough"  he  introduced 
"approximations  and  limitations."  It  is  principally  in  this 
respect  that  our  papers  differ.  He  is  thinking  of  the 
results  of  the  mathematical  analysis  and  uses  approxi- 
mations to  ascertain  desired  results,  while  I  analyze  the 
problem  as  it  appears  to  me  in  practice,  and  apply  mathe- 
matics to  it. 

Dr.  Liebowitz  says  that  I  have  illustrated  my  theories 
with  accelerations  of  3888  ft.  per  sec.  per  sec.  I  assumed 
that,  if  a  wheel,  when  hitting  an  obstruction  at  a  speed 
of  49  m.p.h.,  rises.  1  in.  when  traveling  4  in.  forward,  it 
will  have  a  vertical  acceleration  of  3888  ft.  per  sec.  per 
sec.,  not  an  impossible  condition.  Dr.  Liebowitz's  opinion 
to  the  contrary  notwithstanding.  I  stated  why  I  selected 
this  rather  unusual  case,  and  how,  by  permitting  the  axle 
to  move  slightly  backward,  which  happens  in  practice 
more  or  less,  the  upward  acceleration  can  be  reduced. 
Why  did  Dr.  Liebowitz  not  try  to  disprove  my  figures 
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from  the  assumed  1-in.  rise  of  the  wheel?  Evidently 
because  he  caimot  do  so.  He  says  such  accelerations 
have  no  effect  on  spring  design.  I  think  they  have 
very  much  to  do  with  it,  as  showing  what  conditions 
we  would  actually  get  oftener  if  the  wheel  velocity 
were  not  slightly  retarded  as  mentioned  in  my  paper. 
He  quotes  from  the  laws  of  motion,  that  a  force  120 
times  that  of  gravity  has  to  be  impressed  upon  a  body  to 
give  it  the  acceleration  I  mentioned.  This  is  true,  but 
he  misapplies  this  well-known  fact  to  my  example.  As 
Mr.  Huxley  remarked  to  one  of  his  mathematical  friends : 
"Your  mathematics  is  a  very  fine  mill,  but  the  grist  you 
get  out  depends  on  the  grain  you  put  in." 

In  my  example  I  assumed  the  unsprung  weight  per 
wheel  to  be  300  lb.  This  includes  the  wheel  complete, 
the  spring,  one-half  the  weight  of  the  entire  rear  axle 
and  axle  housing  containing  the  differential,  and  a  part 
at  least  of  the  propeller-shaft.  To  begin  with,  the  center 
of  the  axle  and  axle  housing  in  the  center  line  of  the 
car  will  have  an  acceleration  only  one-half  that  of  the 
wheel,  when  the  latter  hits  an  obstruction.  Furthermore, 
the  major  portion  of  the  spring  will  have  a  lower  accelera- 
tion than  the  wheel,  since  it  flexes,  and  that  part  of  the 
spring  attached  to  the  frame  and  immediately  adjacent 
will  have  a  very  low  acceleration  indeed.  The  actual 
weight  affected  by  the  maximum  acceleration  is  there- 
fore in  practice  very  likely  not  more  than. 30  per  cent  of 
the  unsprung  weight,  when  a  wheel  surmounts  an  obstruc- 
tion. To  find  the  actual  stress  in  the  wheel,  there  must 
be  added  that  required  for  the  mass  exposed  to  the  lower 
acceleration.  We  are  therefore  nearer  correct  in  arriving 
at  the  stresses  in  the  wheel  when  adding  another  30  per 
cent  to  the  weight,  and  taking  the  acceleration  of  the 
mass  at  3888  ft.  per  sec.  per  sec.  We  thus  have  120  x 
180,  or  21,600  lb. 

A  knowledge  of  the  strength  of  wood  wheels  migiit  be 
of  interest  in  this  connection.  The  University  of  Michi- 
gan has  made  tests  of  automobile  and  truck  wheels,"  but 
only  three  examples  were  given,  the  first  of  which  evi- 
dently comes  nearest  to  our  example  of  carrj'ing  a  load 
of  about  .1200  lb.  Under  direct  load  the  wheels  supported 
40,800,  114,000  and  140,000  lb.  respectively.  In  these 
tests  the  remarkable  recovery  of  wood  wheels  to  their 
original  shape  when  loaded  to  almost  their  breaking  point 
was  noted.    Hence,  I  believe  I  am  right  in  maintaining 

*S.  A.  E.  Transactions,  vol.  8.  part  2,  p.  264. 
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that  the  wheel  mentioned  in  my  paper  would  not  breai 
if  occasionally  subjected  to  a  force  of  21,600  lb.  or  even 
considerably  more.  Dr.  Liebowitz  not  only  speaks  of  the 
wheel  but  states  that  the  bearings  and  the  axle  would 
have  to  withstand  a  load  of  36,000  lb.  and  have  a  factor 
of  safety  of  30,  Let  us  take  the  bearing.  I  surmise  he 
refers  to  the  wheel  bearing.  Here  the  only  weight  sub- 
jected to  the  maximum  acceleration  is  the  portion  of  the 
axle  in  the  wheel  bearing  proper.  The  weight  of  the 
wheel  and  the  spring  does  not  ent6r  here,  but  only  that 
of  the  axle  and  axle  housing  which,  as  mentioned  before, 
has  at  the  center  of  gravity  an  acceleration  of  only  one- 
half  the  maximum.  Taking  this  into  account,  it  will  be 
admitted  that  the  ordinary  factors  of  safety  of  the  bear- 
ing and  the  axle  are  sufficient,  even  if  the  wheel  should 
on  exceptional  occasions  have  an  acceleration  of  3888  ft. 
per  sec.  per  sec. 

These  periodicity  experiments  (See  Fig.  4)  were  de- 
scribed in  the  paper  to  show  how  the  load  affects  the 
periodicity.  The  weight  attached  to  the  spring,  as  far 
as  the  coil  spring  is  concerned,  was  not  of  the  same  order 
of  magnitude  as  the  coil  spring  itself  as  stated  by  Dr. 
Liebowitz.    I  will  discuss  this  in  a  later  paragraph. 

Dr.  Liebowitz  says  that  he  went  into  the  theoretical 
side  of  spring  inertia  and  found  that  it  enters  very  little 
into  the  problem.  In  corroboration  of  his  conclusion  he 
cites  steam-hammer  tests  and,  while  admitting  he  did 
not  know  what  the  accelerations  of  these  were,  asserts 
"they  were  certainly  far  higher  than  those  encountered 
in  actual  practice."  He  concludes  the  paragraph  with 
"there  were  no  indications  that  it  (spring  inertia)  played 
any  appreciable  role."  Such  statements  seem  to  me  to 
be  misleading.  He  did  not  look  for  spring  inertia.  He 
speaks  of  no  means  or  devices  for  ascertaining  it.  Let 
us  analyze  the  steam-hammer  he  mentions  and  find  its 
acceleration  when  used  to  flex  a  spring  from  no  load  to 
its  maximum  deflection.  From  his  Fig.  19  I  assume  the 
maximum  deflection  until  bottom  is  hit  to  be  9  in.  Judg- 
ing from  his  figures,  I  take  it  the  steam-hammer  ram  with 
piston  weighs  certainly  not  more  than  350  lb.  and  has  a 
stroke  of  2  ft.  To  be  on  the  safe  side,  let  us  assume  the 
steam  pressure  behind  the  hammer  to  be  7000  lb.  In 
such  case  the  acceleration  as  the  ram  descends  would 
equal 


,  /     7000  \      „, 
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or  twenty-one  times  gravity,  i.  e.,  675  ft.  per  sec.  per  sec. 
Since  the  stroke  ^  is  2  ft.,  we  have,  by  the  well-known 
laws  of  motion,  the  formula 

2a 

V  being  the  velocity,  and  a  the  acceleration.    Hence 

V  =  V2a^  =  V2  X  675  X  2  =  62  ft.  per  sec. 

The  maximum  "give"  s,  from  no  load  to  maximum  deflec- 
tion, we  have  assumed  to  be  9  in.  or  0.75  ft. ;  that  is  to 
say,  the  hammer  is  stopped  in  0.75  ft.    Hence 

a  =  ^  =  ^9^  =  1800  ft  per  sec.  per  sec. 
2«         1.5 

This  is  therefore  less  than  one-half  of  what  it  occasionally 
is  in  practice,  as  described  in  my  paper.  Because  a  steam- 
hammer  has  a  very  high  acceleration  when  used  for  forg- 
ing where  its  motion  is  stopped  in,  let  us  say,  V2  in..  Dr. 
Liebowitz  evidently  concluded  that  the  acceleration  must 
be  very  high  when  stopped  by  the  flexure  of  a  spring.  If 
the  hammer  were  stopped  in  V^  in.  its  acceleration  would 
be  about  32,000  ft.  per  sec.  per  sec.  Therefore,  on  the 
face  of  it,  his  steam-hammer  test  is  useless  as  far  as  high 
acceleration  or  spring  inertia  is  concerned.  Assuming, 
however,  for  the  sake  of  argument,  that  he  could  obtain 
an  acceleration  as  high  as  the  figure  I  gave,  how  would 
this  be  indicated  in  his  experiment,  and  how  could  he 
measure  what  effect  it  had  upon  passenger  comfort  in 
a  car?  In  my  paper,  Fig.  5,  I  showed  what  took  place  in 
a  thin  spring  when  suddenly  started  vibrating.  I  think 
that  this  takes  place  in  a  very  much  smaller  degree  in 
ordinary  leaf  springs  under  very  high  accelerations,  and 
I  therefore  said  that  it  'Vould  indicate  that  if  we  set 
the  spring  vibrating  at  a  slower  rate  it  wpuld  be  more 
satisfactory."  I  finally  described  some  constructions 
wherein  the  spring  would  flex  at  a  lower  acceleration 
even  though  the  axle  acceleration  were  high.  Dr.  Liebo- 
witz offers  no  constructive  criticism,  but  mentions  the 
steam-hammer  test  of  whose  acceleration  he  admits  he 
knows  nothing,  nor  does  he  in  the  least  indicate  that  he, 
or  any  other  man,  has  ever  hunted  for  spring  inertia. 
He  says  nothing  except  that  this  is  a  complicated  subject, 
that  he  went  into  the  theoretical  side  of  it  a  few  years 
ago;  but  of  proofs  to  sustain  his  allegations  controvert- 
ing my  statements,  he  offers  none. 

Dr.  Liebowitz  ascribes  to  me  statements  which  I  never 
thought  of  making  concerning  periods  of  coil  and  leaf 
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springs.  I  described  certain  experiments  and,  with  the 
coU  spring  tested,  it  was  found  that  twice  the  static 
deflection  was  necessary  to  obtain  the  same  periodicity 
as  that  of  the  leaf  spring  tested.  I  have  plainly  shovTn 
that  the  periodicity  of  any  vibrating  body  is 


2       i  Resistance 


V 


Restoring  Force 

and  I  think  I  explained  the  matter  with  sufficient  clarity 
for  any  one  to  see  that  the  mass  and  the  restoring  force 
alone  govern  the  periodicity,  and  I  so  stated  in  my  paper. 
Hence,  if  the  coil-spring  weight  were  the  same  as  the 
leaf -spring  weight  which  affects  the  periodicity,  not  the 
entire  leaf-spring  weight,  and  if  its  restoring  force  were 
the  same,  i.e.,  if  the  deflection  per  unit  load  were  the 
same,  which  means  that  the  coil  diameter  would  be 
unusually  large,  their  periodicity  would  be  the  same.  I 
wanted  to  bring  out  forcefully  the  lower  periodicity  of 
coil  springs  as  used  today  with  spring  suspensions ;  that 
is  to  say,  in  coil-spring  shock-absorbers,  which  have  a 
smaller  deflection  and  a  considerably  smaller  periodicity. 
Dr.  Liebowitz  is  wrong  in  stating  that  I  "used  weights 
which  were  smaller  than  the  weight  of  the  coil  spring 
itself."  The  weight  of  the  coil  spring  used  in  these  ex- 
periments was  2%  grams  and  that  of  the  load  70  grams, 
or  more  than  25  times  that  of  the  spring.  The  coil- 
spring  diameter  was  7^/^  mm.,  and  the  size  of  the  wire 
0.533  mm. ;  the  static  deflection  5  in. ;  and  the  periodicity 
80  vibrations  per  min.  He  says  in  this  connection,  **If 
there  is  any  doubt  as  to  the  accuracy  of  the  period 

formula it  can  be  checked  on  the  seismograph 

which  I  have  here."  If  Dr.  Liebowitz's  seismograph  does 
not  show  substantially  the  same  periodicity  as  that  I  have 
specified  for  the  spring  described,  the  seismograph  is  un- 
questionably inaccurate. 

As  to  Dr.  Liebowitz's  remarks  on  coil  springs  fitted  to 
Pullman  cars,  the  maximum  inequality  of  the  rail  surface 
is  minute  compared  with  that  of  the  ordinary  road  sur- 
face, and  the  analogy  does  not  hold  good  for  road  vehicles. 
In  a  Pullman  car  the  total  load  is  enormous  compared 
with  that  of  a  coil  spring,  and  there  are  a  large  number 
of  short  coils,  short  in  deflection/load  ratio.  The  longer 
a  coil  spring  is,  the  more  its  tendency  is  to  partial  modes 
of  vibration,  and  the  greater  they  are. 

A  lever  suspension  has  a  number  of  defects.  I  men- 
tioned only  one  great  disadvantage.  As  to  Dr.  Liebowitz's 
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mathematical  proof  s,  let  him  take  a  sledsre  hammer  and 
hit  the  lever,  or  let  him  place  this  under  the  steam-ham- 
mer, and  he  will  find  it  will  snap  or  bend  at  once.  He 
may  throw  a  wooden  bar  in  the  air  and  hit  it  while  in 
the  air;  it  will  break  if  hit  hard  enough.  Not  even  the 
theory  of  the  ballistic  pendulum  holds  good  here;  if  it 
did  we  could  so  place  the  axis  of  the  suspension  that  the 
axis  of  rotation  might  also  be  the  axis  of  percussion,  in 
which  case  it  would  break  at  some  other  point  than  the 
axis,  but  it  would  break.  He  is  forgetting  that  there  is 
another  end  to  the  lever,  the  end  which  deflects  the 
spring.  Let  us  take  his  figures  and  say  that  the  long 
arm  of  the  lever.  Fig.  10  of  my  paper,  is  2  ft.  long,  and 
the  small  arm  1  ft.  Let  us  assume  that  the  static  deflec- 
tion of  the  end  of  the  lever  attached  to  the  axle  is  4^/^  in. 
under  900  lb.  of  unsprung  weight,  as  was  stated.  The 
axle  will  thus  rise,  or  the  body  descend,  1  in.  for  each 
200  lb.  of  load.  Let  us  say  that  the  maximum  additional 
motion  of  the  axle  is  another  41/3  in.,  requiring  the  appli- 
cation of  another  900  lb.  when  moved  slowly.  Thus,  while 
it  would  take  another  900  lb.,  or  a  total  of  1800  lb.,  to 
move  the  axle  up  slowly.  Dr.  Liebowitz  tells  us,  under  a 
most  severe  shock,  the  stress  in  the  lever  would  be  only 
972  lb.  or,  to  use  his  words,  "even  with  the  S888  ft.  per  sec. 
per  sec.  acceleration  assumed  in  the  paper,  which  would 
destroy  the  wheel  and  the  axle,  the  inertia  force  on  the 
lever  would  be  about  the  same  as  the  normal  load  on  the 
lever,"  etc.  He  concludes  this  subject  with  the  statement 
that  lever  suspensions  have  been  tried  but  "have  not 
made  progress  primarily  because  they  do  not  achieve  any 
new  result."  Does  he  know  where  lever  suspensions  have 
been  tried  and  what  their  results  have  been?  He  speaks 
of  none.  He  attempts  to  prove  what  the  actual  stress 
in  the  lever  is  without  giving  an  account  of  a  practical 
test.  I  constructed  one  experimental  lever  suspension  in 
1913  and,  when  testing  it  for  rapid  blows,  found  that  it 
snapped.  Hence,  I  spoke  of  this  as  the  great  disad- 
vantage of  lever  suspensions. 

With  regard  to  suspension  proper  and  in  reference  to 
the  1798  British  patent.  Dr.  Liebowitz  says,  "I  believe 
there  are  extant  in  this  country  several  examples  of 
coaches  having  that  type  of  spring  support."  The  British 
patent  shows  a  coil  spring  in  a  roller  around  which  one 
end  of  a  strap  is  wound;  as  the  load  increases,  this  coil 
spring  permits  the  strap  to  elongate.  This  has  no  bear- 
ing on  present-day  vehicle  suspension.    I  should  like  to 
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ask  whether  he  refers  to  the  latter  type  or  to  the  type 
described  in  Figs.  13  to  15  of  my  original  paper.  The 
construction  I  have  shown  he  then  proceeds  to  discuss  in 
the  following  words:  "The  contention  that  such  sus- 
pensions offer  a  saving  in  weight  of  spring  material  is 
contrary  to  basic  principles/'  etc.,  and  his  remark  about 
the  design  of  straight  springs  that  "the  depth  of  the 
springs  came  out  about  the  same  as  their  length,  and 
that  the  leaves  were  too  thin  for  a  practical  design,"  is 
remarkable.  With  reference  to  his  Figs.  1  and  3,  he  says 
that  he  divides  the  spring  because  it  saves  unneces- 
sary length  of  spring  material.  In  other  words,  he 
divides  the  spring  to  save  spring  weight.     If  he  thus 


a 

Fia.    20 — Spring    Suspension    Employing   a    Skmi-Elliptic   Spring 

saves  weight,  by  so  much  more  do  I  do  the  same 
with  my  short  straight  spring,  the  tension  on  the  spring 
eyes  being  the  same.  The  construction  shown  in 
his  figures  is  lighter  than  it  would  be  if  made  with 
a  semi-elliptic  spring.  By  glancing  at  his  Fig.  19, 
it  is  self-evident  that  if  the  middle  portion  were  spring 
material,  it  would  be  heavier  than  when  the  spring  is 
divided  as  shown.  But  in  addition,  if  the  spring  flexed  at 
or  near  the  center,  the  number  of  leaves  would  have  to  be 
increased,  since  the  distance  from  spring  seat  to  spring 
eye  would  be  greater,  and  the  bending  moment  at  the  seat 
would  likewise  be  greater.  He  was  therefore  right  orig- 
inally in  stating  that  there  is  a  saving  in  spring  weight 
by  dividing  the  spring  instead  of  making  it  one  contin- 
uous spring  seated  at  the  center.  By  going  a  step  fur- 
ther, dividing  it  still  more,  and  making  the  springs 
straight  (see  Fig.  21),  the  same  ratio  of  saving  continues 
and,  in  addition,  it  can  be  made  lighter  because  the 
length  between  spring  seat  and  spring  eye  is  decreased 
still  further,  thus  further  reducing  the  bending  moment 
at  the  seat.  There  is  still  another  point  worthy  of  notice, 
namely,  that  the  flexure  in  the  spring  per  unit  length  is 
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-Special  Spring  Suspension  Using  Two  Short  Straight 
Springs 

considerably  less,  which  means  that  a  much  shorter  spring 
can  be  used  when  it  is  made  straight.  In  the  illustra- 
tions, Fig.  20  shows  a  semi-elliptic  spring  embodied  in 
this  type  of  suspension.  Fig.  21  shows  short  straight 
springs,  and  in  Fig.  22  both  types  are  shown  in  one  view 
to  bring  out  more  clearly  their  distinguishing  features. 
In  Fig.  22  is  illustrated  what  happens  when  a  semi- 
elliptic  spring  is  used  instead  of  two  short  straight 
springs.  While  the  axle  rises  from  d  to  e,  the  spring  eye 
of  the  semi-elliptic  follows  approximately  the  path  a  and 
assumes  position  i.  In  the  case  of  the  straight  spring 
the  eye  would  follow  approximately  arc  b  and  move  only 
the  short  distance  from  h  to  k.  Therefore  the  outstand- 
ing features  of  a  straight  spring  over  a  semi-elliptic 
spring  as  well  as  over  the  constructions  Dr.  Liebowitz 
shows  in  his  discussion  are  (a)  that  the  spring  can 
be  made  considerably  lighter  and  shorter,  (6)  there  is 
less  flexure  per  unit  length  and  (c)  the  bending  moment 
at  the  seat  is  less.  This  latter  varies  directly  as  the 
length,  if  the  tension  and  the  direction  of  the  flexure 
are  the  same.  Hence,  it  is  erroneous  to  say  that  a 
straight  short  spring  does  not  save  spring  weight,  and 
that  the  leaves  would  be  too  thin,  etc. 

Referring  to  the  claim  of  the  initial  strain,  I  originally 
showed  the  spring  under  considerable  initial  tension;  in 
fact,  the  construction  could  not  work  without  it.    In  my 


Pig.  22 — A  Comparison  op  thb  Sbmi-Elliptic  and  Straight 
Springs  in  the  Same  Suspension 
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Fia.   23 — Buckling  Stresses  in  a  Spring 

construction,  Fig.  21,  the  position  of  the  spring  before 
being  connected  to  the  tension  rods  is  shown  dotted.  Dr. 
Liebowitz  also  disputes  the  existence  of  buckling  stresses 
to  which  I  adverted  in  connection  with  the  semi-elliptie 
spring  when  applied  to  this  type  of  construction.  The 
accompanying  Fig.  23  clearly  illustrates  the  buckling 
stress,  and  this  also  holds  good  to  some  degree  in  the 
structures  disclosed  in  his  figures,  although  much  less 
than  in  the  semi-elliptic. 

When  the  springs  are  straight,  or  when  they  are  ar- 
ranged with  their  seats  still  further  apart  than  their 
eyes,  so  as  to  have  the  direction  of  the  force  exerted  on 
the  leaves  at  right  angle  to  their  length,  a  most  im- 
portant matter,  which  is  impossible  of  attainment  with 
the  structures  he  illustrates,  the  spring  can  be  made  con- 
siderably lighter  than  those  he  shows;  the  flexure  per 
unit  length  is  less;  the  bending  moment  at  the  seat  is 
less;  the  spring  is  more  sensitive,  since  the  spring  eye 
moves  a  smaller  distance  for  a  given  axle  displacement; 
and  there  are  no  buckling  stresses.  Another  disad- 
vantage of  the  construction  shown  by  him  is  that  the 
leaves  are  made  to  flex  in  the  reverse  direction  from  that 
customary  with  leaf  springs. 

Regarding  Dr.  Liebowitz's  plea  for  coil  springs,  I  fear 
that  it  will  be  somewhat  difficult  to  prove  the  coil  type 
of  springs  superior  to  leaf  springs  for  use  in  vehicle 
suspensions. 
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BETTERING  THE  EFFICIENCY  OF 
EXISTING  ENGINES 

By  H  C  Gibson* 

First  reviewing  the  history  of  the  progressive  in- 
sufficiency of  the  supply  of  highly  volatile  internal- 
combustion  engine  fuels  and  the  early  efforts  made  to 
overcome  this  by  applying  heat  to  produce  rapid 
vaporization,  the-  author  gives  an  outline  of  the 
methods  already  found  valuable  in  offsetting  the  ris- 
ing boiling  points  of  engine  fuels  and  states  the  result- 
ing three-fold  problem  now  confronting  the  automo- 
tive industry. 

The  tendency  to  subordinate  efficient  vaporization  to 
the  attainment  of  maximum  volumetric  efficiency  is 
criticised  at  some  length  and  the  volatility  of  fuel  is 
discussed'  in  detail,  with  reference  to  characteristic 
distillation,  time  of  evaporation  and  distillation-tem- 
perature curves  which  are  analyzed. 

Heating  devices  are  then  divided  into  four  classes 
and  described,  consideration  then  being  given  to  fuel 
losses  outside  the  engine.  The  use  of  some  pressure- 
indicating  apparatus  such  as  a  manograph,  for  deter- 
mining pressure  conditions  within  the  cylinder,  is  be- 
lieved necessary. 

Summarizing,  ten  definite  recommendations  are 
made  for  bettering  engine  efficiency. 

The  first  De  Dion  motor  tricycles  were  arranged  to 
consume  a  fuel  so  volatile  that  it  was  only  necessary 
to  bubble  part  of  the  intake  air  through  the  liquid 
to  obtain  a  mixture  so  rich  in  hydrocarbon  vapor 
as  to  require  the  admixture  of  further  air  for  proper 
combustion.  This  fuel  was  the  top  of  the  toppings  from 
the  small  quantity  of  crude  oil  then  being  refined,  and 
the  supply  was  more  than  sufficient  to  meet  the  demand 
for  internal-combustion  engine  fuel  at  that  time.  As  the 
demand  grew,  these  tops  were  insufficient  and  so,  when 
the  heavier  distillates  of  a  slightly  higher  boiling  point 
were  added  to  augment  the  supply,  De  Dion  installed  a 
heater  pipe  in  the  surface  carbureter  and  passed  hot 
exhaust  gases  through  it  to  boil  off  those  higher-boiling- 
point  fractions  which  would  not,  without  heat,  evaporate 
rapidly  enough  to  provide  an  effective  mixture. 

The  arrival  of  the  atomizing  carbureter  called  a  halt 

^Engineer.  Vacuum  Oil  Co..  New  York  City. 
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for  a  time  on  the  developments  involving  the  use  of  heat 
for  vaporization,  for  with  the  comparatively  lov^r  boiling 
point  of  that  day,  the  minute  globule  coming  from  the 
spray  nozzle  would  receive  sufficient  heat  from  the  air 
in  which  it  was  entrained,  even  in  the  short  time  of 
transit  from  the  nozzle  to  the  engine  valve,  to  evaporate 
it.  The  vaporization  was  aided,  of  course,  by  the  vacuum 
in  the  inlet  pipe,  which  naturally  reduced  the  boiling 
point  of  the  liquid.  Those  of  us  who  used  "gas  wagons" 
in  1890  to  1895  will  remember  that  we  had  little  thought 
for  carbon  except  such  as  resulted  from  the  destructive 
distillation  of  the  lubricating  oil  which  found  its  way 
into  the  combustion  space. 

The  demand  for  fuel  became  progressively  greater,  so 
that  with  all  the  low-boiling-point  toppings  that  could 
be  saved,  the  refiner  was  compelled  to  throw  in  sonle  of 
those  fractions  which  were  formerly  allowed  to  run  in 
with  the  kerosene.  Then  the  carbon  trouble  began  to  brew 
and  increased  so  rapidly  that  it  is  now  almost  essential 
to  remove  carbon  deposits  every  few  weeks,  especially 
in  the  case  of  high-compression  engines. 

Carbon  deposits  represent  a  waste  of  a  large  quantity 
of  gasoline,  which  not  only  serves  no  useful  purpose  but 
actually  results  in  definite  costly  harm  to  the  engine,  in 
wear  due  to  abrasion  and  attrition  by  hard  carbon  par- 
ticles, to  say  nothing  of  the  associated  harm  resulting 
from  pollution  and  dilution  of  lubricating  oils  by  raw 
fuels,  and  such  products  of  combustion  as  are  washed 
into  the  crankcase  with  the  unevaporated  fuel  that  ac- 
companies such  a  condition.  An  outline  of  the  methods 
that  have  been  found  of  value  in  offsetting  the  rising 
boiling  points  of  our  fuels  should  be  helpful  as  a  guide 
for  th€  more  general  adoption  of  such  means  as  will 
result  in  increased  satisfaction  and  profit  to  all  motor- 
ists, whether  the  profit  be  in  pleasure  and  recreation  or 
of  the  bankable  kind  attainable  through  commercial  truck 
or  farm  machinery  operation.  An  increase  of  such  satis- 
faction means  the  prolongation  of  widespread  industrial 
activity  of  paramount  importance  to  the  nation,  through 
its  automotive  and  petroleum  industries,  its  third  and 
sixth  largest  in  value  of  products.  Every  unit  of  these 
industries  would  feel  the  pinch  resulting  from  a  hurried 
search  for  fuel  to  substitute  for  the  gasoline  we  have 
thrown  away,  while  wishing  for  a  better  fuel  than  we 
now  have  at  the  price  we  now  pay.  The  problem  con- 
fronting the  industry  is  threefold,  involving 
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(1)  The  physics  of  the  carbureter,  meaning  the  me- 
tering of  a  liquid  into  a  current  of  air  in  a  chemically 
correct  quantity 

(2)  The  physics  of  evaporation  of  hydrocarbon 
liquids,  meaning  the  complete  evaporation  of  the  liquid 
prior  to  the  physical  mixture  of  its  molecules  with 
those  of  oxygen 

(3)  The  physics  of  diffusion  of  gases,  meaning  the 
placing  of  the  molecules  of  the  vapor  in  close  relation 
to  their  chemically  appropriate  molecules  of  oxygen, 
whereby  inflammation  may  produce  complete  combus- 
tion with  maximum  temperature 

These  three  phases  accurately  performed  enable  us  to 
secure  a  maximum  value  from  the  formula 

Efficiency  =  ^T"^ 
ti 

which  means  that  the  higher  the  temperature  of  com- 
bustion at  the  beginning  of  the  power  stroke  t^  the  less 
fuel  we  will  use  for  the  power  developed.  Thus,  if  we 
desire  fu£l  efficiency,  we  must  bend  our  energies  to  the 
attainment  of  conditions  as  near  perfection  as  may  be  in 
each  of  the  phases,  for  partial  failure  in  any  one  de- 
teriorates the  whole  effort  materially. 

Volumetric  Efficiency 

One  potent  deterrent  to  the  attainment  of  reasonable 
fuel  efficiency  has  been  the  tendency  to  subordinate  effi- 
cient vaporization  to  the  attainment  of  maximum  volu- 
metric efficiency,  meaning  maximum  weight  of  charge 
per  stroke.  The  real  goal  to  aim  at  is  to  inspire  sufficient 
charge  to  develop  the  desired  amount  of  power.  This 
conception  involves  a  little  less  charge  per  stroke,  higher- 
speed  engines  with  consequent  increase  in  number  of 
charges  per  minute,  better  chemical  composition  of  the 
charge,  higher  initial  temperatures  and  pressures  and 
consequently  less  fuel  per  horsepower. 

The  effort  of  most  carbureter  designers  has  been  to 
give  high  torque  at  high  speed,  where  the  useful  range 
of  mixture  proportions  is  narrow.  This  involved  the  use 
of  more  nearly  chemically-perfect  mixture  proportions 
for  the  purpose,  but  still  the  composition  generally  in- 
clines toward  the  rich  side  because  full  torque  can  be 
maintained  with  less  accuracy  of  metering  than  is  neces- 
sary to  maintain  maximum  fuel  efficiency. 

At  low  speeds  the  range  of  useful  mixture  proportions 
for  maximum  torque  is  much  wider,  the  carbureter  de- 
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signer  takes  advantage  of  it,  and  since. our  engines  are 
run  at  comparatively  low  speeds  most  of  the  time  our 
greatest  consumption  of  fuel  is  generally  performed  with 
the  more  inefficient  mixtures.  This  tendency  of  the  car- 
bureter designer  is  another  result  of  our  insatiable  de- 
mand for  extreme  power  output  from  minimum  engine 
dimensions. 

Because  of  the  desire  for  high  volumetric  efficiency 
per  stroke,  the  carbureter  designer  tried  to  avoid  re- 
striction and  did  avoid  heat  because  both  militated 
against  that  sort  of  efficiency,  but  every  such  designer 
will  agree  that,  with  a  very  slight  restriction,  accurate 
metering  is  possible  today,  and  now  that  the  permissible 
error  in  metering  is  more  nearly  established,  as  shown 
by  the  work  done  at  Purdue  University  and  elsewhere, 
we  may  look  for  greater  accuracy  and  efficiency  in  the 
first  phase  of  the  problem,  but  not  if  we  insist  on  high 
volumetric  efficiency  per  stroke  through  the  use  of  cold 
mixture.  Reduced  sectional  area  of  the  manifold,  used 
for  the  purpose  of  maintaining  mixture  speed  when  a 
cold  mixture  is  employed,  also  results  in  reduced  volu- 
metric efficiency. 

The  economical  mixture  is  always  leaner  than  that 
giving  maximum  torque,  but  the  difference  in  torque  is 
slight  and  not  worth  the  economic  loss  of  fuel.  To  make 
up  for  that  difference  in  torque  we  must  use  slightly 
higher  engine  speeds  and  higher  gear  ratios,  if  we  wish 
to  maintain  the  rapid  getaway  and  high  car-speeds  to 
which  we  are  now  accustomed. 

The  carbureter  designer  is  not  to  be  blamed  for  these 
uneconomical  uses  of  fuel.  His  customer,  the  engine 
builder,  must  change  the  nature  of  his  demand.  It  will 
then  be  met  as  to  accurate  metering  for  economical  mix- 
ture proportion.  The  loss  of  fuel  from  inaccurate  meter- 
ing may  equal  the  amount  actually  necessary  for  the 
work  done  by  the  engine,  or,  in  other  words,  a  50  per  cent 
loss  of  fuel  may  occur  without  noticeable  effect  on  the 
torque  output. 

Referring  to  the  other  two  phases  the  complete  evapo- 
ration of  the  liquid  prior  to  chemical  combustion  is  of 
vital  importance  to  the  economical  combustion  of  fuel, 
for  unless  it  is  evaporated  some  considerable  time  before 
the  spark  occurs,  it  is  impossible  to  comply  with  the  re- 
quirements of  the  last  phase.  Liquid  cannot  bum,  it  must 
first  be  converted  into  a  gas  suitable  for  our  purpose  and 
thereafter  molecularly  presented  to  oxygen  in  the  correct 
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quantity.  These  operations  take  time  and  the  length 
of  time  at  our  disposal  is  in  any  case  minute.  At  3000 
r.p.m.,  a  cold  fuel  molecule  must  leave  the  carbureter 
jet,  become  separated  from  its  fellows,  surrounded  with 
oxygen  and  ignited,  all  within  0.01  sec.  This  would 
be  quick  time  for  a  photographic  exposure,  to  say  noth- 
ing of  the  physical  transfer  of  the  molecule  along  a  path 
tty  18  in.  or  more  in  length  while  undergoing  a  holo- 
caust of  physical  transformation. 

Volatility  of  Fuel 

We  are  accustomed  to  think  that  gasoline  is  a  volatile 
liquid,  but  if  we  would  forget  all  about  volatility  in  con- 
sidering fuels  we  would  arrive  at  a  solution  more  quickly. 
When  we  desire  to  evaporate  liquids,  such  as  water  in 
a  boiler,  we  give  sufficient  heating  surface,  sufficient 
time  and  sufficient  but  not  too  high  a  temperature.  We 
do  not  consider  water  a  volatile  liquid,  yet  about  80  per 
cent  of  every  gallon  of  gasoline  sold  to  the  motorist  will 
not  boil  at  the  boiling  point  of  water.  Thus  from  this 
standpoint  volatility  now  becomes  a  negative  term,  while 
condensability  would  more  nearly  describe  its  important 
feature. 

The  following  figures  and  curves  show  the  difficulty  of 
evaporating  gasoline  unless  sufficient  temperature  and 
time  are  applied  and  allowed.  Two  gasolines,  No.  1  a 
Mid-West  and  No.  2  an  Eastern  product,  were  distilled 
in  the  ordinary  way,  each  successive  10  per  cent  of  dis- 
tillate being  collected  in  a  separate  beaker.  The  time  re- 
quired for  distillations,  and  the  initial  and  final  boiling 
points,  using  the  standard  test  procedure  of  2  drops  per 
sec.,  were,  respectively 

No.  1  No.  2 

Time  25  min.  51  sec.  25  min.  18  sec. 

Initial  Boiling  Point         149  deg.  fahr.  144  deg.  fahr. 

Final  Boiling  Point  419  deg.  fahr.  430  deg.  fahr. 

Part  of  each  of  the  10  per  cent  cuts  was  then  redis- 
tilled, using  standard  procedure,  with  the  results  given 
in  Table  1  on  page  186. 

Fig.  1  shows  the  normal  distillation  characteristics  of 
the  two  gasolines,  while  Fig.  2  shows  the  time  in  min- 
utes necessary  to  evaporate  the  various  10  per  cent  cuts 
at  180  deg.  fahr.  It  is  noteworthy  that  the  final  boiling 
point  of  any  cut  is  much  higher  than  the  initial  point 
of  the  next  cut  in  the  series.    Figs.  3  and  4  show  the 
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TABLE   1 — ^RESULTS  OBTAINED   BY  REDISTILLING   SUCCESSIVE 

CUTS  OF  THE  ORIGINAL  DISTILLATION  OP  TWO 

GASOLINES 

INITIAL  BOIUNG  POINT       FINAL  BOILING  POINT 

Cut  No.  No.  1  No.  2  No.  1  No.  2 


1 

111 

97 

320 

288 

2 

127 

118 

324 

293 

3 

147 

142 

334 

300 

4 

172 

162 

346 

306 

6 

198 

181 

368 

320 

6 

226 

199 

369 

333 

7 

266 

212 

392 

347 

8 

288 

236 

403 

367 

9 

313 

262 

424 

406 

10 

349 

316 

600 

631 

distillation  temperatures  of  each  10  per  cent  cut  of  each 
fuel  with  the  distillation  curve  of  the  entire  sample  which 
is  shown  by  the  broken  line  superposed.  From  the  above, 
it  is  evident  that  much  more  heat  and  time  are  necessary, 
for  the  evaporation  of  the  high-boiling-point  ends  of 
gasoline  which  may  be  deposited  on  manifold  walls  or  in 
eylinders,  than  we  are  accustomed  to  allow. 

Another  part  of  each  10  per  cent  cut  was  subjected  to  a 
temperature  of  180  deg.  fahr.  and  the  time  necessary  for 
complete  evaporation  was  observed,  as  follows : 


' No.  1 . 

. No.  2 . 

Cut  No. 

Min. 

Sec. 

Min.     Sec. 

1 

6 

53 

6       33 

2 

8 

61 

6      67 

3 

11 

4 

7       62 

4 

12 

23 

8       48 

6 

14 

36 

9       68 

6 

18 

24 

12       46 

7 

29 

20 

14       48 

8 

39 

16 

16       29 

9. 

66 

32 

29       34 

10 

269 

0 

360       34 

The  carbureter  puts  the  liquid  in  a  condition  for  rapid 
evaporation,  by  breaking  it  up  into  small  globules,  and 
we  ordinarily  try,  by  proportioning  and  shaping  our 
manifolds,  to  prevent  the  tendency  of  those  globules  to 
join  with  others  in.  the  formation  of  larger  globules.  In 
fact,  we  try  to  prevent  them  from  following  the  law  of 
nature  that  provides  for  the  formation  of  a  large  drop  of 
rain  out  of  the  assembly  of  a  large  number  of  fog  par- 
ticles. In  the  case  of  water  fog  in  the  clouds,  a  little  local 
mechanical  disturbance  or  a  little  drop  in  temperature 
precipitates  rain.  The  presentation  of  a  cold  surface  to 
a  water  fog  results  in  a  sheet  of  water.  On  introducing 
the  heat  of  the  sun,  the  fog  disperses  and  the  rain  evapo- 
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rates.  A  very  high  wind  so  agitates  water-laden  air  as 
to  prevent  the  formation  of  fog  or  rain  drops,  but  it  takes 
power  to  produce  the  agitation.  We  are  accustomed  to 
imitate  these  weather  laws  in  the  use  of  a  high  velocity 
in  manifolds,  to  aid  in  evaporation  and  mechanically  pre- 
vent the  deposition  of  liquids  out  of  the  cold  mixture. 
This  takes  power  from  the  engine  and  unnecessarily  re- 
duces the  volumetric  efficiency. 

We  have  been  prone  to  think  that  if  we  can,  by  these 
methods,  induce  pulverized  fuel  into  the  cylinder  our 
troubles  are  over  because,  so  it  is  said,  the  temperature 
of  compression  will  perform  the  evaporation  necessary. 
Such  an  h3i>othesis  neglects  the  resistance  to  evapora- 
tion, or  rise  of  the  boiling  point,  brought  about  by  the 
rise  of  pressure  on  the  compression  stroke,  and  even  if 
the  evaporation  of  the  fuel  particles  were  complete  at  the 
top  of  the  stroke,  there  is  not  time  subsequent  to  the 
attainment  of  complete  evaporation  to  perform  the  mix- 
ing operation  necessary  to  produce  a  chemically  perfect 
mixture,  without  which  efficiency  of  combustion  cannot 
be  a  maximum. 

The  physical  property  of  gases  called  diffusion,  their 
activity  in  thoroughly  intermingling  with  other  gases  to 
which  they  are  introduced,  is  the  phenomenon  relied  upon 
for  the  production  of  an  economical  mixture.  A  knowl- 
edge of  the  laws  of  diffusion  of  non-homogeneous  hydro- 
carbon vapors  in  air,  if  not  fully  established,  is  essential 
to  our  problem.  It  is  the  starting  point  for  a  full  solu- 
tion. Given  the  law,  every  other  stage  of  the  problem  is 
easily  conformable. 

A  fog  is  probably  a  perfect  example  of  the  extreme 
of  pulverization  of  a  liquid,  but  the  fuel  is  still  in  a 
liquid  state.  It  is  unquestionably  an  effective  stage  in 
the  process  of  evaporation.  Whether  the  laws  of  diffu- 
sion will  permit  the  effective  intermingling  of  the  gases 
subsequent  to  the  introduction  of  the  fog  to  the  cylinder 
and  prior  to  the  application  of  the  spark,  or  whether 
the  fuel  must  be  first  evaporated  is  to  be  determined. 
No  time  should  be  lost  in  the  effort. 

Many  kinds  of  apparatus  have  been  proposed.  Some  are 
already  on  the  market  and  others  are  in  course  of  develop- 
ment that  aim  to  improve  the  fuel  efficiency  of  existing 
and  future  engines.  Some  have  been  developed  for  the 
purpose  of  vaporizing  kerosene,  but  in  principle  they  are 
applicable,  at  least  to  some  extent,  to  the  use  of  gasoline, 
because  the  object's  aimed  at  are  identical,  namely,  the 
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evaporation  of  all  the  fuel  and  the  formation  of  a  chem«- 
ically  active  mixture  prior  to  ignition  in  the  cylinder. 

Heating  Devices  Classified 
Those  devices  may  be  divided  into  four  classes: 

(1)  Those  which  heat  the  fuel  only  before  mixture 
with  the  air 

(2)  Those  which  heat  the  air  before  mixing  it  with 
the  fuel 

(3)  Thoiie  which  heat  all  the  fuel  and  air  mixture 

(4)  Those  which  heat  the  fuel  with  some  air  and  add 
cold  air  thereafter 

Devices  in  the  first  group  are,  in  general,  subject  to 
the  disadvantage  that  gasoline  has  of  being  composed  of 
fractions  having  various  boiling  points.  Those  fractions 
of  low  boiling  point  will  evaporate  in  the  carbureter  be- 
fore reaching  the  jet  or  exit,  because  they  are  subject  to 
the  excessive  temperature  necessary  to  boil  off  the  high- 
boiling-point  fractions.  Thus,  if  the  fuel  was  heated  in 
a  common  carbureter  and  \he  float-chamber  was  open  to 
the  atmosphere  these  fractions  would  be  lost,  or,  if  closed, 
they  would  generate  pressure  and  thus  render  abortive 
any  attempt  to  meter  the  fuel  so  far  as  the  production 
of  the  correct  proportion  of  fuel  to  air  in  the  mixture  is 
concerned. 

One  form  of  device  boils  the  fuel  by  a  flame,  using  some 
of  the  fuel  for  the  purpose.  The  resulting  vapors  are 
mixed  with  cold  air  and  form  a  fog  ready  for  admission 
to  the  cylinders.  The  many  variables  introduced  by 
changes  in  the  throttle  position  and  in  engine  speed 
necessitate  the  use  of  a  number  of  separate  mechanisms 
for  controlling  the  generation  of  gas  in  proportion  to  the 
demand.  The  use  of  fuel  for  evaporating  the  engine 
fuel  is  an  economic  loss,  later  referred  to  in  the  dis- 
cussion of  the  third  class. 

Regarding  the  second  type,  the  common  stove  or  oven 
for  heating  the  air  as  it  passes  over  the  hot  surface  of 
the  exhaust  pipe  is  a  step  in  the  right  direction  but,  as 
usually  fitted,  it  is  entirely  inadequate,  as  clearly  illus- 
trated in  a  recent  test  made  by  the  Fifth  Avenue  Coach 
Co.,  on  its  electric  dynamometer,  where  the  original  small 
stove  could  maintain  only  150  deg.  fahr.  in  the  air  enter- 
ing the  carbureter  at  normal  full  load,  which  was  main- 
tained by  a  No.  67  carbureter  drill  size  jet.  By  using  an 
oven  entirely  enclosing  the  exhaust  manifold,  insulating 
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its  exterior  surface  with  asbestos  and  conducting  the  hot 
air  to  the  carbureter  through  a  well-insulated  pipe,  the 
air  entering  the  carbureter  attained  a  temperature  of 
250  deg.  fahr.  Black  smoke  from  a  rich  mixture  resulted 
and  on  substituting  a  No.  70  jet  for  the  No.  67,  normal 
full  power  was  attained  and  maintained.  The  saving  in 
fuel  was  approximately  10  per  cent.  Since  the  company 
referred  to  now  uses  1,500,000  gal.  of  gasoline  per  year, 
this  means  a  saving  of  $50,000  per  year,  or  $5,000  for 
every  1  per  cent  saved. 

The  temperature  of  the  hot  air  enterirg  the  carbureter 
changes  with  atmospheric  variations  but  more  especially 
with  the  variation  in  the  exhaust-pipe  temperature  and 
with  the  change  of  rate  of  flow  due  to  throttle  and  engine 
speed  variations;  it  sometimes  fluctuates  as  much  as 
160  deg.  fahr.  This  varies  the  temperature  of  the  car- 
bureter nozzle.  A  change  of  only  50  deg.  fahr.  has  been 
shown  to  affect  the  flow  of  gasoline  as  much  as  30  to  40 
per  cent.  From  this  point  of  view,  a  steady  temperature 
at  the  carbureter  jet  is  one  essential  for  economy,  unless 
the  sharp-edge  or  disk-type  jet  is  proved  immune  to  a 
change  of  fuel  viscocity  and  is  without  associated  dis- 
advantages. 

When  the  engine  is  accelerated  it  takes  time  to  heat 
up  the  exhaust  pipe  to  the  temperature  of  the  new  con- 
dition; hence,  during  acceleration,  the  increased  air  to 
fill  the  demand  is  colder  than  usual.  Conversely,  on 
throttling  down,  the  very  hot  exhaust  pipe  excessively 
heats  the  diminished  quantity  of  air  demanded  by  the 
engine.  Such  changes  vary  the  amount  of  fuel  that  is 
vaporized  and  it  becomes  very  difficult  to  set  a  carbureter 
so  that  it  will  not  cause  loading  or  popping  back.  In  any 
case,  it  must  be  uneconomical  part  of  the  time,  and  in 
the  case  of  city  traffic  this  means  most  of  the  time.  From 
this  it  is  clear  that  when  hot-air  stoves  only  are  used 
they  should  be  arranged  to  furnish  heat  in  proportion  to 
the  amount  of  fuel  used,  they  should  be  placed  as  near 
the  engine  port  as  possible  and  the  wall  between  the  ex- 
haust gases  and  the  air  should  be  thin,  preferably  having 
fins  or  pins  projecting  into  the  streams  of  exhaust  gas 
and  the  air.  The  stove  should  present  the  air  to  a  large 
surface  of  the  exhaust  manifold  in  the  endeavor  to  attain 
high  air-temperature  under  all  conditions  with  a  control 
to  adjust  the  temperature  of  the  air  to  the  requirements 
of  the  mixture. 

Devices  of  the  third  class  are  of  the  more  or  less 
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familiar  hot-spot  or  hot  manifold  t3rpe,  in  which  the 
heat  of  either  hot  water  or  the  exhaust  gases  is  applied 
to  the  surfaces  of  the  inlet  manifold.  Hot  water  is 
entirely  inadequate,  for  its  temperature  cannot  be  above 
200  deg.  fahr.  and  it  is  already  shown  that  this  tem- 
perature can  do  no  more  than  boil  off  about  20  per  cent. 
,  of  the  gasoline  passing  through  the  manifold. 

Hot  exhaust  gases  are  the  logical  source  of  heat  for 
the  purpose,  because  their  range  of  temperature  will  not 
fall  below  about  450  deg.  fahr.  while  under  load  they  will 
rise  to  about  1606  deg.  fahr.  If  unused,  their  heat  is  a 
total  loss  amounting  to  some  40  to  50  per  cent  of  the 
total  heat  value  of  the  fuel.  With  such  a  source  of  other- 
wise waste  heat,  it  seems  unnecessary  to  burn  any  fuel 
specially  for  evaporating  the  engine  fuel  as  is  done  in 
some  forms  of  carbureter. 

The  normal  variation  of  exhaust-gas  temperature 
broadly  follows  the  demand  for  power,  but  for  a  given 
volume  of  mixture  flowing  to  the  engine  per  minute,  call- 
ing for  a  definite  amount  of  heat  for  the  vaporization 
of  its  fuel  content  the  heating  surface  may  be  under 
either  of  two  extreme  conditions;  one,  in  which  the 
engine  is  racing  under  no  load  and  delivering  most  of 
the  fuel  heat  to  the  exhaust  and  so  to  the  fuel-heating 
surface,  or  the  other,  in  which  full  torque  is  being  de- 
livered at  low  speed  and  a  minimum  proportion  of  heat 
is  available  for  the  fuel-heating  surface.  In  the  first 
case,  high  vacuum  in  the  inlet  tract  aids  vaporization, 
while  this  condition  is  absent  in  the  second  case.  If  the 
heating  surface  is  proportioned  to  fit  the  second  case,  a 
highly  attenuated  mixture,  skipping  and  backfiring,  will 
attend  the  first  condition,  especially  if  the  carbureter  is 
adjusted  to  furnish  an  economical  mixture  under  load. 

As  in  the  case  of  the  air-heating  stove,  a  more  rapid 
reaction  to  the  change  of  throttle  is  obtained  when  the 
mixture-heating  surface  forms  a  part  of  the  exhaust 
manifold,  the  wall  being  thin  and  studded  or  ribbed  on 
both  sides  so  as  to  readily  absorb  and  distribute  the  heat 
to  the  mixture.  One  investigator  finds  that  with  a  direct 
transfer  of  heat  through  one  wall,  1  sq.  in.  of  surface 
suffices  for  each  27  cu.  in.  of  nominal  piston  displacement 
while  if  the  exhaust  be  piped  from  the  manifold  to  the 
heater  1  sq.  in.  of  surface  will  be  necessary  for  every  18 
cu.  in.  of  displacement.  The  latter  design  involves  a 
much  greater  mass  of  material  and  is  comparatively 
sluggish  in  its  response  to  a  change  of  condition. 
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All  the  devices  included  in  the  third  class  should  also 
be  arranged  with  means  for  maintaining  a  constant  tem- 
perature of  the  mixture  and,  in  addition,  those  surfacesv 
upon  which  the  liquid  fuel  impinges  should  be  prevented 
from  ever  attaining  temperatures  much  above  the  end 
boiling  point  of  the  fuel  or  cracking  of  the  fuel  with 
consequent  deposition  of  carbon  will  result. 

The  last  class  includes  arrangements  which  mix  some 
air  with  the  fuel  and  subject  that  very  rich  mixture  to 
comparatively  high  temperature  by  passing  it  through  a 
tube  or  similar  device,  usually  surrounded  by  hot  exhaust 
gases.  The  liquid  is  partially  or  completely  vaporized, 
according  to  the  exhaust  temperature  applied  and  the 
time*  allowed.  The  resulting  vapor  and  air  mixture  is 
later  mixed  with  appropriate  quantities  of  cold  air, 
usually  resulting  in  production  of  a  fog  mixture  for  use 
in  the  cylinder.  The  controlling  factors  of  these  systems 
are  similar  to  those  of  the  other  three  classes.  In 
addition,  the  high  temperature  to  which  the  comparative- 
ly small  heating  unit  Js  subjected  causes  cracking  of  the 
fuel  and  the  deposition  of  carbon  therein;  the  small 
passages  easily  become  choked,  while  the  carbon  on  the 
heating  surface  acts  as  a  heat  insulator,  thus  varying  the 
rate  of  vaporization  at  any  given  temperature  of  the  ex- 
haust gases.  The  degree  of  vaporization  and  the  propor- 
tions of  hot  mixture  and  cold  air  being  thus  varied,  in- 
operative leanness  of  the  mixture  is  eventually  produced. 
Means  for  controlling  the  temperature  applied  to  the 
heating  unit  are  desirable. 

Losses  of  Fuel  Oxttside  the  Engine 

Much  evaporation  takes  place  in  handling  and  trans- 
porting fuel,  and  more  occurs  while  in  the  tanks  and 
carbureters  of  vehicles  because  of  the  temperature  and 
agitation  to  which  the  fuel  is  subjected.  The  least  loss 
from  this  source  occurs  with  vehicles  arranged  for 
pressure  feed,  inasmuch  as  the  only  point  at  which  the 
gasoline  is  exposed  to  the  atmosphere  or  can  evaporate 
is  at  the  carbureter,  and  then  only  if  it  is  of  the  float 
type,  having  a  float-chamber  vent.  The  warmer  the 
gasoline  in  the  float-chamber  and  the  more  it  is  shaken 
through  the  vibration  of  the  vehicle,  the  more  evporation 
will  take  place.  This  loss  alone  may  be  several  per  cent 
The  next  most  important  loss  occurs  in  the  vacuum  tanks 
now  in  common  use.   They  are  usually  placed  on  the  front 
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of  the  dash  and  receive  a  great  amount  of  heat  from 
the  engine. 

The  most  serious  loss  is  in  the  escape  of  gasoline  vapor 
from  gravity  tanks  vented  to  the  atmosphere.  These 
are  usually  found  under  the  driver's  seat,  or  in  the  cowl, 
and  they  receive  much  heat  from  the  engine,  which,  com- 
bined with  the  action  of  waves  of  gasoline  surging  back 
and  forth  and  forming  a  kind  of  surf,  present  ideal  con- 
ditions for  evaporation. 

In  the  tests  made  by  the  Fifth  Avenue  Coach  Co.,  losses 
of  from  6  to  8  per  cent  occurred  in  the  tank  alone,  the 
variation  being  due  to  a  change  of  the  atmospheric  tem- 
perature. Such  a  loss,  added  to  that  of  the  carbureter, 
aggravated  by  the  inclusion  of  casinghead  gasoline  in 
the  fuel  and  by  the  extreme  atmospheric  temperature  of 
summer,  may  readily  amount  to  10  per  cent  which  would 
represent,  in  the  case  of  that  company,  a  direct  financial 
loss  of  $50,000  per  annum,  and  a  far  greater  economic  loss 
to  the  community. 

Such  liquids  as  find  their  way  into  the  cylinder  and 
are  unevaporated,  at  least  in  some  part,  get  past  the 
piston  rings  and,  by  dilution,  tbin  the  oil  on  the  cylinder 
and  piston  walls  and  in  the  crankcase,  thus  destroying 
the  lubricating  quality  of  the  oil.  The  usual  method 
adopted  for  offsetting  this  condition  is  to  use  oils  of  a 
much  greater  viscosity  than  is  necessary  for  the  lubri- 
cation of  the  engine,  with  the  intention  that  the  average 
condition  of  the  oil  when  diluted  to  some  extent  shall  be 
about  right.  The  method  is  poor,  but  so  long  as  we 
allow  this  condition  of  dilution  we  have  no  alternative. 
It  is  wrong,  first,  because  a  blend  of  carefully  constructed 
lubricating  oil  with  kerosene  is  not  a  perfect  lubricant 
and,  second,  because  when  the  oil  is  first  put  into  the 
engine  it  is  too  heavy  and  absorbs  considerable  power  in 
overcoming  fluid  friction,  whereas,  after  it  has  become 
dangerously  diluted,  rapid  wear  of  the  engine  parts  takes 
place,  absorbing  power  uselessly  and  destroying  the  value 
of  the  engine. 

The  losses  in  connection  with  the  dilution  of  lubricat- 
ing oil  are  of  general  economic  nature,  principally  in 
increased  cost  of  upkeep  and  depreciation  of  the  engine. 

Various  fuels,  if  vaporized  and  mixed  with  air  in 
chemically  correct  proportion,  have  characteristic  tem- 
peratures at  which  they  will  unite  with  the  oxygen  of 
the  air  and  bum.  This  temperature  appears  to  be  little 
affected  by  the  pressure  at  which  the  mixture  is  held. 
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AccordinfiT  to  Holm,  the  following  are  the  temperatures 
for  various  fuels: 


FUELS 

DEO.   CENT. 

DEO.    FAHB. 

CkialTarOil 

680 

1.076 

Benzol 

620 

968 

Ethyl  Alcohol 

610 

950 

Gasoline 

416 

779 

Kerosene 

380 

716 

Gas  Oil 

360 

662 

Because  the  pressure  of  compression  gives  us  a  cor- 
responding temperature  of  the  compressed  mixture,  it 
is  impossible  without  preignition  to  employ  a  compression 
which  raises  the  temperature  to  800  deg.  f  ahr.  when  we 
are  using  kerosene  as  fuel,  whereas  if  we  used  benzol  we 
could  safely  have  a  temperature  of  900  deg.  fahr.  through 
an  increase  of  compression.  When  the  above  tests  were 
made,  certain  standards  of  gasoline  and  kerosene  obtain- 
ed, but  today  "gasoline"  means  more  nearly  what  'Icero- 
sene"  meant  then ;  consequently  we  must  use  compressions 
whose  corresponding  temperatures  are  low  enough  to 
avoid  automatic  ignition  of  the  mixture  of  kerosene 
vapor  and  air,  or  lower  than  716  deg.  fahr. 

Much  has  been  said  about  the  formation  of  detonating 
compounds  from  the  fuel  and  of  the  knocking  which 
results  therefrom,  but  I  submit  that  the  formation  of  a 
true  gas  prior  to  its  entry  into  the  cylinder  eliminates 
this  difficulty,  while  the  admission  of  liquid  fuel  in  any 
form  to  the  cylinder  predisposes  to  cracking  of  the  fuel 
and  the  production  of  uncontrollable  detonations;  in  any 
case  detonations  are  not  a  major  factor  in  our  problem. 

The  situation,  I  consider,  is  as  follows : 

(1)  Eliminate  the  liquid  fuel  from  the  cylinder  and 
the  detonations  disappear 

.  (2)  For  all  practical  purposes,  it  is  automatic  igni- 
tion which  produces  engine  knockfhg  and  the  loss  of 
power  and  flexibility  which  results  therefrom 

(3)  Reduce  the  compression  to  the  point  where  the 
resultant  temperature  of  the  mixture  will  not  cause 
auto  ignition  or  alternatively,  if  it  were  possible,  use 
fuel  of  a  higher  auto-ignition  temperature-point  and 
preignition  disappears 

Given  an  engine  having  a  compression  pressure  which, 
under  heavy  load,  causes  preignition  when  using  modem 
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gasoline,  we  then  have  difficulty  in  hill  climbing  and  poor 
flexibility,  necessitating  that  it  be  nursed  through  any 
change  of  operating  conditions.  Such  an  engine  is  un- 
satisfactory to  the  driver  and  uneconomical  in  all  re- 
spects. Feed  such  an  engine  with  fuel  of  a  higher  auto- 
ignition  point,  and  such  difficulties  disappear.  On  a  re- 
cent test  in  which  the  fuel  used  was  two-thirds  gasoline 
and  one-third  benzol,  in  an  eight-cylinder  car  having 
no  provision  for  heating  the  mixture  except  a  hot- 
water-jacket  on  the  intake  manifold,  knocking  was  en- 
tirely eliminated,  the  speed  increased  from  30  to  36  m. 
p.  h.,  and  the  car  easily  started  on  high  gear,  from  rest, 
on  the  steepest  pitch  of  a  difficult  hill,  on  which  the  tests 
were  conducted.  The  car  showed  inferior  general  per- 
formance with  gasoline,  due' to  knocking  and  consequent 
loss  of  power.  The  benzol  mixture  required  no  "nurs- 
ing'' of  the  car;  it  could  be  handled  most  crudely  as  to 
spark  and  throttle  position.  Such  a  mixture  has  been 
found  to  give  a  miles  per  gallon  increase  of  25  per  cent 
over  that  of  straight  gasoline  in  general  testing  through 
average  city  traffic  and  on  open  country  roads. 

With  the  compound  fuel  the  mixture  was  comparatively 
cold  when  entering  the  cylinders  and  therefore,  at  least 
as  to  the  gasoline  portion,  was  predisposed  to  cracking 
and  detonation,  yet  no  noises  could  be  heard.  The  engine 
was  as  noiseless  as  an  eight-cylinder  poppet-valve  engine 
could  be.  On  reverting  to  straight  gasoline,  all  the  old 
noises,  difficulties  and  losses  returned.  Having  raised 
the  temperature  of  auto-ignition,  the  coincident  troubles 
disappeared. 

The  corollary  is  that  if  we  must  use  high-boiling-point 
gasoline,  or  perhaps  part  kerosene,  with  its  character- 
istic low  temperature  of  auto-ignition,  we  must  resign 
ourselves  to  the  use  of  lower  compressions  to  avoid  pre- 
ignition.  Theoretically,  we  wish  to  avoid  this  expedient; 
practically,  we  must  do  it. 

Having  gasified  otfr  fuel  with  heat  and  correctly  pro- 
portioned the  mixture  chemically,  and  therefore  having 
predisposed  it  to  knocking  due  to  the  temperature  of 
compression,  the  compression  to  be  used  will  be  deter- 
mined by  the  auto-ignition  point  of  that  mixture.  The 
mixture  characteristics  are  determined  by  the  character- 
istics of  the  gasoline  and  hence  we  must  use  a  compress- 
ion low  enough  to  permit  the  use  of  the  worst  fuel  that 
may  reasonably  be  expected  to  be  available  for  a  number 
of  years  to  come. 
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Use  of  Indicators 

Builders  of  engines  should  install  means  for  examining 
the  net  performance  of  the  mixture-making  apparatus, 
as  measured  by  the  results  produced  in  the  temperature 
and  pressure  of  combustion  within  the  cylinder.  Most 
arguments  and  analysis  on  this  subject  stop  short  of  the 
final  answer;  they  carry  us  through  physics,  chemistry 
and  metaphysics,  but  if  the  engine  does  not  perform  as 
expected  it  is  due  always  to  something  else,  whereas  we 
should  seek  the  truth  in  the  cylinder.  In  short,  everyone 
who  desires  to  study  the  subject  thoroughly  should  learn 
pressure  conditions  within  the  cylinder  by  using  some 
pressure-indicating  apparatus  such  as  a  manograph.  No 
high  degree  of  satisfaction  can  come  to  the  automotive 
manufacturer  in  bettering  the  efficiency  of  existing  en- 
gines, including  those  to  be  produced  within  the  next 
two  years,  without  such  an  instrument. 

All  those  who  have  made  real  strides  in  this  art  have 
done  it  through  and  with  such  an  instrument,  and  they 
will  reap  a  proportionate  reward  for  their  perspicacity. 
Without  it,  steps  can  be  taken  and  advances  made,  but 
they  are  the  toddles  of  a  child  compared  with  the  accom- 
plishments of  an  athlete. 

Some  may  think  that  the  power  delivered  to  a  dynamom- 
eter or  evidenced  in  the  hill-climbing  ability  of  a  car 
are  the  really  practical  measures  of  the  advantages 
gained  by  the  application  of  a  novel  device  in  carburetion, 
but  no  accurate  data  for  our  purpose  are  thus  obtained, 
for  the  reason  that,  while  the  combined  effort  of  all 
cylinders  of  a  multi-cylinder  engine  may  show  an  im- 
provement over  past  performances,  it  may  well  be  that 
75  per  cent  of  the  cylinders  are  doing  better  work, 
while  the  remaining  25  per  cent  are  even  worse  pro- 
ducers than  formerly  and  are  a  drag  on  the  combination. 
In  teamwork  no  member  of  the  team  must  lag  and  each 
component  must  be  examined  for  individual  efficiency. 
In  our  problem  this  can  only  be  accomplished  through 
instruments  capable  of  telling  a  true  story  about  each 
member  of  the  team,  thus  eliminating  all  argument  that 
poor  oil  or  improper  this  or  that  may  account  for  dis< 
crepancies. 

For  bettering  the  efficiency  of  existing  engines,  the 
logical  procedure  is  as  follows: 

(1)  Take  gasolines  from  various  sources  having  an 
end-point  say  100  deg.  fahr.  higher  than  we  use  today, 
make  chemically  correct  mixtures  in  the  test  bomb  and 
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experimentally  determine  the  auto-igrnition  points  of  our 
future  fuels 

(2)  Adopt  compressions  in  engines  now  being  pro- 
duced which  will  not  result  in  auto-ignition  even  when 
the  temperature  of  the  mixture,  due  to  evaporating  ap- 
paratus, is  high. 

(3)  Adapt  evaporating  apparatus  to  engines  now  in 
production  for  heating  the  mixture  between  the  car- 
bureter and  the  engine  to  such  a  point  that  the  dif- 
fusion of  the  fuel  gases  and  the  air  is  complete  before 
the  spark  is  applied.  Arrange  to  furnish  such  evap- 
orating apparatus  and  special  pistons  or  connecting- 
rods  for  compression  adjustment  for  engines  now  run- 
ning, where  their  number  is  high  enough  to  warrant 
such  provision 

(4)  Adopt  means  for  heating  the  air  going  to  the 
carbureter  so  that  it  maintains  a  fixed  temperature  in 
general  operation 

(5)  Adopt  means  for  automatic  control  of  the  tem- 
perature of  the  mixture 

(6)  Adopt  carbureters  giving  accurate  metering 
throughout  the  ranges  of  engine  speed  and  throttle 
opening 

(7)  Adopt  provisions  in  the  carbureter  to  produce 
intense  agitation  of  the  fuel  particles  during  the  start- 
ing period  only  when  the  engine  is  cold 

(8)  Avoid  evaporation  of  the  low-boiling-point  fuels 
through  the  vents  of  gravity  or  vacuum  tanks  or  car- 
bureter bowls 

(9)  Arrive  at  all  determinations  with  the  aid  of  a 
manograph,  thus  reading  the  ultimate  answer  directly 
from  the  pressures  produced  in  the  cylinders  avoid- 
ing the  confusion  of  facts  with  appearances  which  al- 
ways results  when  the  basic  factors  are  not  readably 
before  us 

(10)  Educate  the  public  to  avoid  impatience  when 
starting  and  to  allow  sufficient  time  for  this  operation, 
thus  avoiding  improper  readjustments  of  carbureters 
and  uneconomical  use  of  fuel 

For  confirmation  of  some  of  the  engineering  facts  here- 
in presented  reference  should  be  made  to  papers  presented 
by  Herbert  Chase*  and  by  Dr.  Lucke*.  These  papers 
are  full  of  the  meat  of  the  situation.    They  are  strongly 


>  See  S.  A.  E.  Tranbactions,  vol.  7.  part  2,  page  140. 
»  See  S.  A.  E.  Transactions,  vol.  11.  part  2,  page  118, 


Digitized 


by  Google 


BBTTiaUNG  THE  EFFICIENCY  OF  EXISTING  ENGINES  197 

recommended  as  good  reading.  The  present  paper  merely 
titrates  a  little  pepsin  for  digestive  purposes. 

THE   DISCUSSION 

F.  C.  Mock: — Discussions  of  intake-manifold  design 
can  only  be  profitable  when  they  speak  in  definite  terms 
of  conditions  that  actually  exist.  Just  now  each  engineer 
has  his  own  idea  of  what  constitutes  a  successful  design, 
and  yet  all  the  different  designs  we  have  been  able  to 
test  have  given  best  results,  for  a  standard  grade  of  fuel, 
when  brought  to  practically  identical  mixture  and  tem- 
perature conditions. 

One  designer  advocates  "no  heat/'  but  concedes  that 
his  car  operates  best  on  a  fine  summer  day ;  another  advo- 
cates ''a  lot  of  heat"  and  points  to  his  flexible  and  eco- 
nomical operation  in  cold  weather,  but  does  not  say  much 
about  pulling  through  sand  in  August.  But  when  we 
put  a  pyrometer  in  the  intake  manifolds  of  these  respec- 
tive cars,  we  find  that  at  the  time  of  their  admittedly  best 
performance,  on  the  same  fuel,  they  will  have  come  to 
practically  the  same  mixture  temperatures,  probably 
within  20  deg.  fahr.  It  all  narrows  down  to  ttie  grade 
of  fuel,  the  mixture  temperature  and,  to  some  extent, 
the  method  of  heat  application.  What  we  should  do  is 
to  decide  upon  the  grade  of  fuel  we  must  prepare  to  use, 
find  experimentally  what  temperature  conditions  will 
give  proper  operation  with  this  fuel,  and  then  design  the 
car  so  that  these  mixture  conditions  can  be  maintained 
under  the  year-around,  country-wide  service  American 
cars  must  give. 

C.  F.  KETTERING : — I  do  not  believe  that  the  knock  is 
in  most  cases  the  result  of  incomplete  vaporization,  as 
Mr.  Gibson  stated.  Our  indicator  showed  here  today 
that  the  knock  may  or  may  not  be  due  to  that.  There 
are  certain  conditions  under  which,  apparently,  the  lack 
of  vaporization  is  the  cause. 

We  put  ether  in  that  engine  today  to  demonstrate 
what  we  thought  about  it,  and  the  indicator  answered 
back  what  we  thought  about  it.  I  agree  that  whenever 
we  find  a  dozen  and  one  remedies  and  half  a  dozen  pana- 
ceas, there  is  just  one  answer,  and  that  is  that  no  one 
knows  anything  about  it.  In  these  discussions  we  are 
all  hitting  at  this  thing  from  different  angles;  I  know 
that  a  year  hence,  when  we  return  here  and  discuss  this 
matter,  we  will  have  some  real  facts. 
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Mr.  Gibson  says  that  we  ought  to  force  each  manu- 
facturer to  put  something  on  his  car  to  give  better  fuel 
economy.  That  is  perfectly  fine,  but  you  must  under- 
stand that  these  cars  run  all  the  way  from  Florida  to  the 
North  Pole,  under  all  sorts  of  varying  conditions,  and  we 
have  not  yet  struck  the  mean  average  where  we  can  do 
something  and  do  it  constructively.  Mr.  Gibson  is  doing 
a  good  work  by  taking  the  specific  problems  and  fitting 
them  to  the  conditions  here.  We  must  begin  to  do  many 
things;  finally,  the  general  solution  will  come  and  it  will 
be  applicable.  When  it  does,  it  will  be  so  simple  that  we 
will  wonder  at  our  former  anxiety. 

Thomas  Midgley,  Jr.: — ^With  regard  to  the  relation 
of  volatility  to  knock  and  the  resultant  discussion,  I 
have  some  indicator  cards  here  and  will  show  you  some 
results.  Regarding  this  subject,  we  find  that  when  we 
look  back  over  the  records  we  obtained,  we  have  some 
peculiar  confirmation  which  is  at  the  same  time  closely 
associated  with  this  problem  of  volatility.  I  have  here 
a  card  made  with  ether,  which  caused  knock  during,  the 
demonstration.  It  is .  a  very  volatile  fuel  and  if  this 
propagation  wave  is  set  up  in  it,  we  get  typical  cards 
when  running  on  ether  that  have  just  one  kick,  a  very 
high  kick  that  makes  much  noise,  but  there  is  only  one 
of  them.  As  we  run  other  fuels  that  will  give  the  same 
knocking  property,  as  in  the  case  of  the  kerosene  running 
up  in  volatility,  we  can  imagine  that  the  wave  of  detona- 
tion passes  through  the  mixture,  which  has  not  been 
properly  volatilized  for  combustion,  and  find  that  a  card 
from  kerosene  has  a  lower  initial  kick  than  ether,  but 
that  it  records  two  kicks  on  the  indicator.  This  shows 
that  we  have  a  first  wave  passing  through  and  then,  as 
Dr.  Dickinson  suggested,  another  wave  coming  back. 
Passing  on  up  the  scale  of  volatility  to  fuel  oil,  which  is 
still  less  volatile  than  kerosene,  the  indicator  shows  a 
still  lower  initial  kick  than  the  kerosene,  but  it  shows 
the  presence  of  three  succeeding  kicks.  I  think  that  is  a 
fairly  good  representation  of  the  relationship  of  vola- 
tility to  knocking;  it  is  not  the  primary  cause  of  the 
knocking,  but  it  enters  in  by  increasing  the  number  of 
these  little  kicks,  all  of  which  come  so  closely  together 
that  they  sound  as  if  they  were  simply  one  knock* 

A.  M.  WOLP: — Mr.  Gibson  and  Mr.  Vincent  ,have 
brought  out  the  variations  in  exhaust  heat  due  to  vari- 
able load  and  speed.  It  will  be  seen  that  this  heat  is 
furthermore  dependable  upon  carburetion,  ignition,  etc. 
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By  "carburetioQ"  is  meant  the  entire  process,  starting 
with  the  carbureter,  until  the  mixture  is  fired.  This 
includes  distribution  through  the  intake  pipe,  valve-tim- 
ing, and  gas  flow  past  the  valves  and  into  the  cylinder. 
Various  locations  of  the  spark-plug,  and  the  shape  of  the 
combustion  chamber,  water-jacketing  and  valve-timing, 
all  influence  the  temperature  of  the  exhaust  gases.  They 
are  at  the  extreme  end  of  the  numerous  processes  that 
occur,  and  any  variation  in  any  one  will  affect  the  heat. 
Due  to  the  wide  variation,  it  is  necessary  to  closely  con- 
trol the  heat. 

I  agree  with  Mr.  Gibson  that  the  fuel  should  not  be 
heated  to  a  point  where  trouble  due  to  evaporation  may 
take  place.  I  do  believe,  however,  that  whether  the  fuel 
is  heated  to  some  extent  or  not,  its  temperature  should  be 
maintained  within  a  very  close  range.  Controlling  the 
heat  of  the  in-going  air  does  not  seem  to  me  to  be  suf- 
ficient. The  temperature  of  the  carbureter  bo^y  and  the 
fuel  within  it  should  be  clpsely  controlled.  If  we  design 
a  carbureter  to  handle  a  particular  fuel,  the  jet  sizes  are 
proportioned  accordingly,  assuming  a  fixed  viscosity  of 
the  fuel.  A  wide  variation  in  the  temperature  of  the 
fuel  will  nullify  all  our  calculations  and  the  flow  through 
the  jets  will  change.  If  the  fuel  cools,  the  viscosity  will 
naturally  become  greater  and  the  flow  through  the  jets 
will  be  diminished,  due  to  the  added  internal  friction  of 
the  fuel.  This,  of  course,  applies  to  the  lower  grades 
of  fuel,  which,  as  we  go  down  the  scale,  show  a  greater 
change  of  viscosity  for  a  given  change  of  temperature. 
In  making  measurements  with  various  scientific  instru- 
ments, we  always  define  the  temperature  at  which  the 
measurements  were  made,  and  in  a  great  many  instances 
this  temperature  is  standardized.  With  this  same  form 
of  reasoning  in  mind,  we  must  maintain  the  temperature 
of  the  fuel  in  the  carbureter  within  a  fairly  close  range 
of  temperature,  to  get  suitable  operation  of  the  engine 
regardless  of  outside  temperature  changes.  The  car- 
bureter is  a  metering  device,  as  is  the  Saybolt  viscos- 
imeter.  Temperature  is  as  important  in  a  carbureter  as 
in  the  latter  device.  While  fuel-injection  engines  are 
usually  6f  the  slow-speed  type,  the  same  thought  applies, 
due  to  the  variations  which  would  occur  with  changing 
viscosity  when  the  fuel  passes  through  the  pump  and 
spray  elements.  As  such  engines  become  more  flexible, 
the  greater  will  be  the  need  for  temperature  control  of  the 
fuel.    It  will  be  interesting  to  note  the  actual  change  in 
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viscosity  as  indicated  on  the  Saybolt  universal  instru* 
ment  These  figures  were  obtained  from  Texaco  water- 
white  kerosene  of  43.5  deg.  Baum^ 

Temperature,  d^.  fahr.       0         32  50  70  100 

Viscosity,  sec.  47       38.8      36.7      35.2       33.6 

While  I  do  not  know  of  tests  having  been  made  to 
determine  the  restriction  to  flow  through  the  jet  which 
will  occur,  due  to  the  metallic  contraction  of  the  jet 
nozzle  as  the  temperature  lowers,,  the  above  figures  give 
an  actual  idea  of  temperature-viscosity  effect  on  an 
orifice. 

As  stated  before,  the  subject  of  carburetion  covers  the 
period  from  the  time  the  fuel  enters  the  carbureter  until 
it  is  exploded  within  the  cylinder.  It  is  even  hard  to 
confine  carburetion  within  these  limits,  because  we  can 
consider  the  removal  of  the  burned  gases  as  having  their 
influence  upon  carburetion.  While  the  exhaust  gases 
form  a  distinct  subject,  they  nevertheless  overlap  car- 
buretion to  some  extent  and  it  is  necessary,  therefore,  to 
consider  the  successful  engine  as  being  one  in  which 
the  many  operations  that  occur  within  it  overlap  without 
interference,  and  the  process  of  cooperation  is  as  vital 
as  in  anything  else. 

We  have  heretofore  considered  the  subject  of  car- 
buretion-too  much  apart  from  the  engine  itself,  and 
means  for  bettering  the  efficiency  of  existing  engines 
lie,  to  a  large  extent,  within  the  engine  itself.  Mr. 
Trego's  paper  consisted  chiefly  of  the  subject  of  car- 
buretion, and  the  title  of  his  paper  is  significant  in  that 
he  does  not  call  it  Carburetion  but  Needs  in  Engine 
Design.  It  was  brought  out  that  there  are  varying  de- 
pressions in  the  different  branches  of  the  intake  pipe,  and 
herein  lie  means  for  bettering  efficiency.  The  intake 
pipe  should  insure  constant  velocity  of  the  mixture,  and 
it  should  be  of  uniform  section.  It  should  also  be  free 
from  sharp  bends  which,  by  centrifugal  force,  throw  the 
globules  out  of  the  center  of  the  mixture  stream.  The 
I-head  engine  has  in  its  favor  the  fact  that  there  are 
two  less  changes  in  direction  of  the  fiow  of  the  mixture 
into  the  cylinder  than  would  occur  in  the  same  distribu- 
tion system  of  an  L  or  a  T-head  engine.  When  the  mix- 
ture passes  by  the  valve  head,  it  enters  directly  into  the 
cylinder  in  the  I-head  engine.  In  the  L  or  the  T-head, 
after  the  gas  has  flowed  past  the  valve,  it  changes  its 
direction  usually  90  deg.,  and  then  another  90  deg.  into 
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the  cylinder.  A  great  many  L-head  engines  require 
seven  changes  in  direction  for  the  mixture  after  it  leaves 
the  carbureter;  others  have  six.  In  the  I-head  engine 
we  usually  find  four  or  five  changes  of  direction  and  it 
is  possible  in  this  type  of  engine  to  reduce  the  number 
to  three.  This  is  one  factor  in  favor  of  the  I-head  en- 
gine. It  is  an  interesting  fact  that  on  some  engines  of 
the  Lrhead  type  not  only  are  there  seven  changes  in 
direction  of  fiow  which  ordinarily  can  be  made  of  small 
resistance  due  to  easy  curves,  but  that  some  manifolds 
require  an  absolute  reversal  in  direction  in  the  flow  of 
the  mixture,  and  sometimes  these  bends  are  exception- 
ally sharp.  By  "entire  reversal  of  flow"  is  meant  that 
the  mixture  travels  back  in  an  opposite  direction  from 
which  it  came. 

In  the  L  or  the  T-head  engine  we  have  the  conven- 
tional valve-pocket.  "Pocket"  is  a  very  good  term  to 
describe  the  deficiency  of  this  combustion-chamber  sp^ce. 
In  the  cross-section  of  an  engine  we  have  usually  made 
the  valve-pocket  height  very  small,  and  the  roof  is  usu- 
ally level  with  the  roof  of  the  combustion  chamber  or 
slightly  below.  When  the  valve  opens  we  do  not  have  a 
full  flow  past  the  valve  head,  such  as  is  assured  in  ordi- 
nary calculations.  Due  to  the  poor  pocket  design,  most 
of  the  flow  is  under  half  of  the  valve  head.  This  is  fur- 
thermore accentuated  by  the  closeness  of  the  vertical 
wall  of  the  pocket  to  the  edge  of  the  valve  head,  and 
some  engines  show  such  a  small  distance  at  this  point 
that  the  effkjiency  of  the  flow  around  the  valve  near  the 
vertical  wall  is  very  low.  In  the  ordinary  L-head  engine 
the  vertical  wall  will  usually  follow  the  valve  head  over  a 
sector  of  120  deg.,  and  it  is  therefore  vital  that  suflicient 
clearance  be  allowed  at  this  point.  It  is  necessary  that 
the  old  pocket  be  eliminated  altogether,  and  that  we  for- 
get the  old  form  of  combustion  chamber.  The  space 
over  the  valve  should  be  the  highest  portion  of  the  com- 
bustion chamber,  with  the  roof  over  the  piston  sloping 
off  gradually  until,  at  a  point  across  from  the  valves,  the 
height  is  lower  than  at  any  other  point.  It  is  noted 
that  engines  are  just  beginning  to  come  through  with 
this  feature  incorporated. 

In  referring  to  the  angular  distance  in  which  the  ver- 
tical wall  of  the  combustion  chamber  follows  the  valve 
of  an  L-head  engine,  the  I-head  engine  offers  the  advan- 
tage that  the  valve  is  practically  tangent  to  a  large  circle 
representing  the  diameter  of  the  combustion  chamber, 
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and  therefore  the  angular  distance  offering  resistance 
to  flow  past  the  valve  is  materially  less. 

Other  than  the  reversal  of  flow  which  occurs  in*  an 
intake  pipe,  and  the  various  resistances  offered  in  the 
pipe  due  to  change  in  direction  of  the  pipe  itself »  we  also 
have  in  the  multi-cylinder  engine  having  six  or  more 
cylinders  the  fact  that  one  cylinder  tends  to  rob  the 
other  when  the  intake  periods  overlap.  In  six-cylinder 
construction  we  recognize  the  overlapping  of  the  exhaust- 
pipe  valves  and  conduct  the  gases  away  in  order  to  avoid 
''backing  up"  in  one  cylinder  from  the  other.  It  seems 
that  in  regular  automobile  design  on  such  engines  we 
should*  provide  multiple  carbureters  as  is  done  in  racing 
and  aeronautical  work. 

The  water-jacket  intake  pipe  or  manifold  within  the 
cylinder-block  can  well  be  relegated  to  the  past,  along 
with  the  unjacketed,  frosted  manifold,  for  the  reasons 
that  Mr.  Gibson  has  brought  out.  In  the  application  of 
an  external  manifold,  however,  the  designer  has  been 
less  thoughtful  of  eliminating  the  sharp  bends,  and  more 
thought  must  be  given  thereto.  A  statement  was  made 
during  the  discussions  that  the  external  manifold  is  de- 
sirable in  order  that  the  engine  of  the  future  can  remain 
the  same  by  replacing  the  old  external  manifold.  This, 
to  my  mind,  seems  a  temporary  expedient  only,  in  that 
an  engine  to  handle  low-grade  fuel  must  be  buijt  within 
itself  apart  from  the  intake  pipe,  to  handle  it.  In  other 
words,  we  must  build  the  engine  around  the  fuel  and  not 
try  to  adapt  the  fuel  to  the  engine  by  means  of  an  intake 
pipe. 

H.  C.  Gibson: — I  think  Mr.  Kettering  gave  the  im- 
pression that  my  suggestion  was  that  manufacturers  be 
forced  to  put  such  devices  on  their  engines.  I  did  not 
even  hint  such  a  thing.  My  suggestion  was  that  manu- 
facturers be  urged  to  use  indicating  apparatus  and  in- 
vestigate for  themselves.  I  would  not  try  to  force  them 
to  do  even  that. 

The  consensus  of  opinion  expresssed  in  the  discussion 
of  my  paper  appears  to  be  that  the  problem  of  Bettering 
the  Efficiency  of  Existing  Engines  is  practically  the  same 
as  that  of  Bettering  the  Efficiency  of  Future  Engines  and 
that  it  narrows  down  to  the  very  simple  statements  that 

(1)  Evaporation  of  the  fuel  is  essential 

(2)  To  attain  adequate  evaporation  without    partial 
destruction  of  the  fuel  requires  maintenance  of 


Digitized 


by  Google 


.  ALUMINUM  PISTON  D&SICN  203 

definite  temperature  in  each  contributory  process 
of  evaporation 

<3)  The  requisite  temperatures  must  be  maintained 
automatically,  indicating^  the  use  of  thermostats 

(4)  Although  existing  engines  have  limitations  due 
to  design,  nevertheless  their  fuel  efficiency,  life 
and  dependability,  can  be  vastly  improved 

(5)  The  application  of  the  necessary  principles  to  the 
future  engine  is  a  simple  matter  as  has  been 
cleverly  brought  out  by  Mr.  Wolf 


ALUMINUM  PISTON  DESIGN 
By  E  G  GuNN^ 


The  two  broad  divisions  of  aluminum  pistons  from 
a  thermal  standpoint  are  those  designed  to  conduct 
the  heat  from  the  head  into  the  skirt  and  thence  into 
the  cylinder  walls,  and  those  designed  to  partly  insulate 
the  skirt  from  the  heat  of  the  piston  head.  Pistons  of 
the  first  tyx>e  seem  logical  for  heavy-duty  engrines; 
those  of  the  second  type  are  better  suited  for  passenger- 
car  engines.  The  objections  of  wear,  piston  slap,  ex- 
cessive oil  consumption  and  crankcase  dilution  are  stated 
as  being  the  same  for  aluminum  as  for  cast-iron  pis- 
tons; and  these  statements  are  amplified.  Piston  slap 
is  next  considered  and,  as  this  can  be  overcome  by 
using  proper  clearance,  pistons  of  the  second  design 
tend  to  make  this  condition  easier  to  meet.  Many  tests 
show  that  when  too  much  oil  is  thrown  into  the  cylinder 
bores,  tight-fitting  pistons  and  special  rings  will  not 
completely  overcome  excessive  oil  consumption.  Some 
details  of  the  facts  thus  demonstrated  are  given  and 
the  conclusion  is  reached  that  more  rapid  wear  follows 
crankcase  dilution. 

There  is  such  a  wide  difference  of  opinion  concerning 
the  fundamental  theories  that  we  may  expect  and  do 
find  a  great  difference  in  the  design  of  pistons  now 
used  in  internal-combustion  engines.  We  find  long 
pistons,  fihort  pistons,  some  with  the  piston-pin  near  the 
top,  some  with  the  piston-pin  near  the  bottom,  thick 
heaids  with  cooling  ribs  and  thin  heads  with  no  ribs. 
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From  a  thermal  standpoint  aluminum  pistons  may  be 
broadly  divided  into  two  classes: 

(1)  Those  designed  with  the  object  of  conducting  the 
heat  away  from  the  head  into  the  skirt  and  thence 
into  the  cylinder  walls 

(2)  Those  desig^ned  with  the  object  of  partly  insulat- 
ing the  skirt  from  the  heat  of  the  piston  head 

Those  in  the  first  class  are  usually  more  or  less  con- 
ventional in  design  except  that  they  have  thicker  walls, 
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or  ribs  extending  down  from  the  head.  They  are  gen- 
erally used  for  high-duty  engines.  In  these  engines, 
which  are  usually  of  a  rather  large  bore  and  compara- 
tively low  speed,  the  weight  of  the  piston  is  secondary  to 
its  ability  to  keep  the  head  from  overheating,  and  piston 
slaps  are  not  of  much  consequence.  Therefore,  for  heavy- 
duty  engines  pistons  of  the  first  type  seem  logical.  A 
sketch  of  some  of  the  types  which  come  under  the  first 
group  are  given  in  Figs.  1,  2  and  8. 
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Passenger-Car  Engines 

For  passenger-car  engines  the  conditions  are  somewhat 
different.  The  duty  is  lighter  and  the  bore  usually 
smaller.  This  lessens  the  tendency  toward  excessive  heat. 
Quietness  being  important,  close-fitting  pistons  are  de- 
sirable. Need  for  good  accelerating  ability  and  smooth- 
ness in  operation  makes  lightness  desirable.  These  con- 
siderations have  led  to  much  development  work  on  pistons 
of  the  second  type.    The  plan  followed  in  most  cases  is  to 
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partially  insulate  the  skirt  from  the  piston  head,  thus 
minimizing  the  expansion  of  the  skirt  due  to  heat.  Some 
of  the  ways  of  accomplishing  this  are  shown  in  Figs.  4 
to  11,  inclusive. 

Pistons  of  the  Long  and  the  Franquist  types  are  split 
to  allow  the  piston  to  spring.  They  can  for  this  reason  be 
fitted  more  closely  than  the  more  conventional  types.  The 
conventional  type  with  the  comparatively  thin  wall  is 
probably  the  most  popular  and  for  the  smaller  bores 
serves  very  well.  It  is  simpler  and  somewhat  cheaper  to 
make  than  other  types.  In  all  the  other  types  shown 
there  has  been  an  attempt  to  insulate  the  skirt  from  the 
head.  This  allows  the  piston  to  be  fitted  more  closely, 
thus  minimizing  piston  slaps. 

Four  points  are  often  brought  up  as  objections  to  the 
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use  of  aluminum  pistons.    These  objections  are  the  same 
as  those  encountered  in  the  use  of  cast-iron  pistons. 

(1)  Wear 

(2)  Piston  slaps 

(8)  Excessive  oil  consumption 
(4)  Crankcase  dilution 

Wear  has  been  shown  to  be  largely  a  function  of 
original  smoothness.  It  is  unreasonable  to  expect  long 
life  when  aluminum  pistons  are  fitted  to  cylinders  of 
relatively  hard  material  having  a  rough  bore.  Aluminum 
has  been  shown  to  be  a  good  bearing  metal,  but  it  must 
run  on  a  smooth  surface,  as  in  the  case  of  babbitt  metal 
Much  attention  is  paid  to  polishing  the  journals  of  a 
crankshaft,  but  we  often  see  cylinder  bores,  whether 
ground  or  reamed,  which  are  so  rough  that  they  can  be 
marked  with  a  lead  pencil,  although  they  may  appear  to 
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be  smooth.  This  is  undoubtedly  the  cause  of  a  great 
deal  of  initial  wear  on  aluminum  pistons.  When  cast-iron 
pistons  are  fitted  this  is  not  so  evident.  Dust  in  the  air 
also  plays  a  very  important  part  in  wear.  Engines  run 
on  the  dynamometer  give  much  longer  service  than  en- 
gines in  cars. 

I  have  lately  examined  a  truck  piston  with  the  top  ring 
worn  nearly  in  two,  and  with  over  1/32-in.  side  clearance. 
The  rings  and  piston  were  both  polished  and  showed  no 
sign  of  scoring.  This  same  model  has  repeatedly  stood 
the  same  number  of  hours'  running  on  test  with  wear  so 
slight  as  to  be  hardly  measurable.  There  is  no  question 
that  an  efficient  air-cleaning  device  would  greatly  pro- 
long piston  and  cylinder  life. 
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Piston  Slaps 

Piston  slaps  can  be  overcome  by  using  proper  clearance. 
Pistons  of  the  second  design  tend  to  make  this  condition 
easier  to  meet.  Offsetting  the  piston-pin  also  tends  to 
reduce  piston  slap.  With  8V^-in.  and  smaller  bores  there 
should  be  no  trouble  due  to  sticking  with  pistons  of  the 
conventional  design  fitted  closely  enough  to  prevent  slaps, 
provided  the  piston  and  cylinder  are  of  proper  design. 
There  should  be  no  local  hot-spots,  and  care  should  be 
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taken  in  the  design  to  prevent  a  condition  tending  to 
warp  the  cylinder  when  heated.  Much  trouble  was  ex- 
perienced with  sticking  aluminum  pistons  in  a  certain 
inserted-sleeve  engine  of  about  3Vi-in.  bore.  The  cylin- 
der was  in  the  form  of  a  block  aluminum  casting,  with 
inserted  cast-iron  sleeves.  Clearances  up  t  1/64  in. 
were  tried,  but  still  the  pistons  seized.  The  sleeves  were 
removed  and  found  to  be  machined  so  that  there  was  an 
air-gap  of  0.005  in.  between  the  sleeve  and  the  cylinder 
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wall.  These  sleeves  were  replaced  with  others  which  fitted 
all  the  way  down,  and  pistons  with  0.007-in.  clearance 
were  then  found  to  be  satisfactory.  This  is  perhaps  an 
exaggerated  case,  but  shows  the  bad  effect  of  failure  to 
carry  the  heat  away  from  the  cylinder  bore  rapidly.  The 
top  land  of  the  piston  must,  of  course,  be  given  much 
more  clearance  than  any  other  part.  The  next  land  re- 
quires less,  and  the  least  clearance  can  be  given  to  the 
bottom  of  the  skirt.  The  tapering  necessarily  increases 
rapidly  as  the  top  of  the  piston  is  approached.  When  the 
piston-pin  is  placed  too  near  the  rings,  piston  slaps  are 
more  frequent,  for  the  clearance  in  the  zone  near  the 
piston-pin  bosses  must  be  sufficient  to  take  care  of  ex- 
treme heat  conditions  so  that  under  ordinary  running 
conditions  this  part  of  the  piston  has  enough  clearance 
to  allow  piston  slaps.  When  the  pin  is  placed  farther 
from  the  head  the  clearance  can  be  small  enough  to  pre- 
vent slaps. 

Some  trouble  has  also  been  encountered  due  to  fitting 
pins  tightly  in  the  piston.  When  a  piston  vnth  a  tight 
pin  is  heated,  it  expands  and  creeps  out  on  the  pin;  when 
it  contracts  again,  it  hangs  to  the  pin  so  that  the  piston 
has  a  greater  diameter  parallel  to  the  pin  and  a  smaller 
diameter  at  right  angles  to  it.  This  condition  makes 
seizing  easier  and  slaps  more  pronounced.  This  creeping 
can  be  demonstrated  readily  by  applying  a  blow-torch 
flame  to  the  head  of  a  piston  fitted  with  a  tight  pin. 

Excessive  Oil  Consumption 

When  too  much  oil  is  thrown  into  the  cylinder  bores, 
tight-fitting  pistons  and  special  rings  will  not  completely 
overcome  the  trouble.  A  great  many  tests  have  been  run 
which  show  this  conclusively,  demonstrating  that: 

(1)  With  no  control  on  the  oil  being  thrown  into  the 
cylinder,  rings  which  seal  the  top  and  bottom  edge 
of  the  groove  reduced  the  oil  consumption 

(2)  When  the  oil  is  properly  controlled,  the  oil  con- 
sumption is  very  low  even  with  rings  having  an 
up-and-down  clearance  of  0.004  in. 

(3)  With  the  oil  controlled  and  with  hot  water  circu- 
lated through  the  engine,  the  volume  of  liquid  in 
the  oil-pan  increased,  indicating  dilution  wibh 
fuel  which  passed  the  piston  and  rings.  This  was 
independent  of  the  kind  of  rings  used 

The  engine  was  next  run  with  a  device  arranged  to 
heat  the  mixture  to  a  temperature  of  about  160  deg.  fahr. 
This  was  accomplished  in  such  a  way  that  the  maximum 
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amount  of  heat  was  applied  when  idling.  The  effect  upon 
fuel  vaporization  was  observed  through  a  glass  window 
and  was  clearly  evident.  The  result  was  to  diminish  the 
amount  of  fuel  in  the  oil-pan  when  idling,  and  the  vis- 
cosity was  not  seriously  affected. 

Before  the  installation  of  the  heating  device  a  black 
deposit  was  found  on  spark-plugs  taken  from  the  cylin- 
ders of  cars  on  road  test  even  when  the  oil  consumption 
was  very  low.  After  the  installation,  the  spark-plugs 
remained  clean  under  all  conditions.    It  has  been  common 
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practice  for  a  number  of  years  to  put  a  quantity  of 
kerosene  in  the  crankcase  oil,  when  running-in  an  engine 
to  aUow  the  bearing  parts  to  seat  more  quickly.  It  is 
fair  to  expect  that  crankcase  dilution  has  the  same  effect 
and  that  more  rapid  wear  follows;  hence  the  need  for 
minimizing  crankcase  oil  dilution  with  unbumed  fuel. 

THE  DISCUSSION 

J.  E.  DIAMOND: — I  noticed  when  in  France  and  Eng- 
land, both  during  the  war,  and  one  time  since,  that  manu- 
facturers there  were  using  much  narrower  rings  both  in 
iron  and  aluminum  pistons  than  we  use  here.  The  French 
engineers  attribute  most  of  their  success  with  alloy 
pistons,  especially  insofar  as  oil  pumping  is  concerned,  to 
the  fact  that  they  use  narrow  rings.  I  should  judge 
most  of  those  I  saw  to  be  but  about  half  the  width  of  our 
standard  rings,  with  more  of  them  being  used;  for  ex- 
ample, in  the  3%-in.  piston  where  we  would  use  say  three 
rings  3/16  in.  thick,  the  French  engineers  specify  four  or 
five  rings  3/32  in.  thick  and  perhaps  a  little  greater  in 
depth  than  our  own  rings.  I  am  more  confident  than  ever 
that  the  aluminum-aUoy  piston  is  a  sure  thing.  We  may 
stiU  have  troubles  with  it  but  someone  will  solve  these 
problems  and  soon  we  will  find  every  car  using  alloy 
pistons.  I  think  this  piston  will  be  very  much  along 
conventional  lines  yet  embracing  some  special  feature 
which  will  permit  close  fitting  and  at  the  same  time  allow 
the  piston  to  yield  when  it  would  ordinarily  seize. 

H.  H.  Crane: — The  aluminum  piston  is  of  real  value 
'only  where  the  question  of  heat  conductivity  is  of  great 
importance;  that  is  in  high-duty  engines  of  large  piston 
diameter.  When  it  comes  to  motor-car  engine  work,  the 
question  of  durability  is  of  far  greater  importance  than 
that  of  heat  conductivity.  Aluminum  is  not  a  good  bear- 
ing metal  It  will  work  in  a  cast-iron  or  a  steel  cylinder 
only  as  long  as  it  is  prevented  from  touching  the  wall. 
The  first  four-cylinder  car  in  which  we  used  aluminum 
pistons  ran  about  25,000  miles.  We  thought  we  had 
something  fine;  there  was  no  perceptible  wear  on  the 
cylinder  walls  and  the  pistons  looked  very  good.  We 
continued  for  another  15,000  miles  and  the  car  began  to 
develop  serious  oil  trouble.  The  car  which  had  before 
been  going  1500  to  2000  miles  to  a  gallon  began  fouling 
spark-plugs  and  doing  everything  it  should  not  have  done. 
We  found  that  the  cylinders  were  tapered  nearly  ten 
thousandths  from  one  end  to  the  other.    The  pistons  had 
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finally  reached  a  point  where  the  upper  land  which  had 
been  cut  way  back  began  to  touch  and,  being  dry,  as  the 
upper  land  always  is,  it  was  the  most  beautiful  lapping 
device  you  ever  saw.  We  built  twenty  cars  in  Bayonne 
in  1912  with  cast-iron  pistons,  rings  and  cylinders,  and, 
to  the  best  of  my  knowledge,  a  ring  has  never  been 
changed  in  one  of  them  since.  I  know  of  at  least  one  that 
has  run  80,000  miles;  it  has  the  same  pistons  and  the 
same  rings  it  started  with.  It  is  a  better  car  on  oil 
consumption  now  than  it  was  at  the  end  of  the  first  5000 
miles.  That  is  something  that  cannot  be  done  with 
aluminum  pistons  from  present  knowledge. 

I  try  to  admire  the  French  authorities  for  their  efforts 
to  control  oil  in  the  cylinders,  but,  from  my  experience, 
they  do  not  know  what  real  oil  control  in  cylinders  means. 
We  had  to  redesign  the  aviation  engine,  as  far  as  oiling  is 
concerned,  and  in  so  doing  we  reduced  l^e  oil  consumption 
one-half.  In  aviation  engines  we  use  narrow  piston-rings ; 
the  engine  comes  rapidly  down  to  a  satisfactory  bearing 
surface  and  we  get  tight  pistons  with  a  relatively  small 
amount  of  running-in.  Of  course,  the  logical  result  is 
that  the  engine  wears  out  more  quickly,  but  we  do  not 
expect  aviation  engines  to  give  the  years  of  service  that 
motor-car  engines  give.  The  motor  car  has  to  run  about 
10,000  miles  before  it  is  really  in  good  running  condition. 

We  were  forced  in  production  to  make  an  aviation  en- 
gine capable  of  wide-open  running  at  the  end  of  4  hr. 
running-in,  and  without  the  help  of  any  of  the  wear 
from  dust,  as  with  motor  cars.  In  the  case  of  our  300-hp 
engine,  which  had  a  5V^-in.  bore,  we  attempted  to  do  this 
with  wide  rings  and  the  result  was  extremely  unsatis- 
factory. We  had  to  run  it  8,  10  and  12  hr.,  and  some- 
times had  to  pull  it  down  and  replace  rings.  We  changed 
to  narrow  rings  and  obviated  the  difidculty  entirely.  It 
is  simply  the  usual  engineering  compromise.  For  motor- 
car work  I  am  convinced  that  these  so-called  narrow  rings 
are  entirely  wrong,  being  about  half  wide  enough.  I  am 
running  one  of  oiir  big  cars  with  wide  rings,  with  about 
0.008-in.  clearance  at  the  skirt,  on  a  4%-in.  piston  and 
with  proper  scraper  rings.  I  brought  the  oil  pressure  up 
from  8  to  15  lb.  without  diflSculty.  There  is  practically 
no  oil  consumption  whatever,  in  the  sense  that  it  causes 
any  diiifeulty,  as  we  are  doing  1500  miles  per  gal.  with  a 
568-cu.  in.  engine.  I  am  convinced  that  the  proper  design 
of  piston  and  ring  is  capable  of  giving  satisfactory  oil 
consumption,  with  very  large  piston  clearances  if  you 
want  them*    Similarly  with  regard  to  piston-slap,  which 
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is  largely  caused  by  the  piston  being  too  short.  On  one 
of  our  earlier-model  cars  the  pistons  slapped  badly  with 
0.006-in.  clearance.  We  could  not  fit  them  much  more 
closely  than  that  and  have  them  run.  The  result  was  that 
after  25,000  miles'  running  we  had  to  replace  them.  In 
the  next  car  we  made  we  added  1  in.  to  the  length  of 
the  piston,  and  quadrupled  the  length  of  the  service  of 
the  car.  I  think  that  this  shows  almost  conclusively  that 
there  are  other  considerations  about  piston  design  than 
that  of  what  material  to  use  in  making  them. 

A.  L.  Glayden: — ^What  about  the  heat-treatment  Mr. 
Pomeroy  has  given  to  alloys  and  the  nature  of  the  alloys 
he  has  treated?  He  stated,  I  believe,  that  he  always  gave 
pistons  a  normalizing  treatment. 

L.  H.  Pomeroy: — The  heat-treatment  to  which  Mr. 
Glayden  refers  is  that  recommended  by  the  firm  which 
developed  the  Ricardo  slipper  piston.  In  pistons  of  that 
type  there  are  two  cylinders  connected  by  webs  at  right 
angles  to  the  line  of  cylinder  bores  and  parallel  to  the 
cylinder  axis.  In  sand  castings  it  is  found  that  certain 
contraction  strains  are  produced  so  that,  unless  these 
are  removed,  it  becomes  a  process  of  trial  and  error 
before  the  minimum  running  clearances  can  be  obtained. 
It  is  found  that  by  inmiersing  these  in  oil  at  a  tem- 
perature of  250  to  300  deg.  cent,  before  finishing  machin- 
ing, these  internal  strains  are  removed  so  that  it  is  pos- 
sible to  work  to  definite  clearances.  The  aluminum  alloy 
used  in  these  pistons  is  a  straight  12  per  cent  copper- 
aluminum  alloy  whose  one  recommendation  compared 
to  other  alloys  is  the  extreme  satisfaction  it  has  given. 

Mr.  Crane: — The  pistons  which  I  just  referred  to 
were  made  with  0.030-in.  diametral  clearance  on  the 
upper  lands,  which  was  plenty  of  clearance  to  start  with. 
The  trouble  was  caused  by  the  aluminum  gradually 
wearing  at  the  center  of  the  piston,  and  thus  allowing 
the  upper  end  of  the  piston  to  cock  over. 

As  for  the  difference  between  wide  and  narrow  rings, 
this  appears  to  be  largely  a  question  of  lubrication.  I 
think  that  a  really  gas-tight  piston-ring  does  not  have  a 
thoroughly-lubricated  bearing  surface;  there  is  always  a 
certain  amount  of  metal  contact.  Probably  it  would  not 
be  tight  on  the  very  short  lengjbh  of  bearing  it  has,  xmless 
it  had  almost  a  metal  contact.  The  result  is  that  the 
wider  ring  does  not  wear  as  fast  as  the  narrower  ring, 
even  if  the  unit  pressure  is  exactly  the  same.  This,  I 
think,  is  because  the  wide  ring  establishes  a  more  com- 
plete oil-film  than  the  narrower  ring  establishes.     Fur- 
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thermore,  the  wider  ring  rides  over  the  irregularities  in 
the  cylinder  to  a  far  greater  extent  than  the  very  narrow 
ring,  which  again  raises  the  question  of  metal  contact 
that  brings  the  rings  down  quickly  to  a  good  bearing  sur- 
face. After  they  have  reached  a  good  bearing  surface, 
there  is  not  the  same  difference  in  the  rate  of  wear 
between  the  two.  But  in  beginning  to  run  a  new  engine 
with  new  rings  there  is  no  doubt  that  the  narrow  ring 
will  run-in  at  least  three  times  more  quickly  than  the 
wide  ring.  In  an  engine  running  at  high  mean  effective 
pressure,  which  means  high  cylinder  pressure,  the  nar- 
row ring  is  far  safer  because  nowhere  near  as  likely  to 
leak  at  the  start. 

E.  G.  GUNN : — I  am  inclined  to  agree  with  Mr.  Diamond 
that  we  can  use  narrower  rings  than  we  are  now  using. 
Rings  %-in.  wide  on  a  3^-in.  piston  seem  to  be  satis- 
factory. I  also  agree  with  him  that  the  aluminum  piston 
has  great  merit.  I  think  the  wear  that  Mr.  Crane  men- 
tions is  not  due  entirely  to  aluminum.  With  cast-iron 
pistons  cylinders  are  often  found  to  be  badly  worn  and 
other  cylinders  scarcely  worn  at  all.  We  also  find  some 
engines  in  the  same  run  of  production  that  show  twice 
as  much  wear  in  10,000  miles  as  others,  and  it  is  rather 
difficult  to  determine  exactly  the  cause  of  the  extra  wear. 
When  running  competitive  tests,  I  have  found  that  there 
is  not  much  difference  in  cylinder  wear  between  cast-iron 
and  aluminum  pistons.  In  some  cases  with  aluminum 
pistons  the  cylinder  wear  has  been  considerably  less.  Of 
course,  the  oiling  system  and,  what  is  more  important, 
the  quick  heating  of  the  mixture  play  very  important 
parts. 

In  running  a  great  many  tests  on  the  same  engine  I 
have  found  that  unless  the  piston-pin  is  too  near  the  top 
of  the  piston,  adding  as  much  as  2V^  in.  to  the  skirt  of 
the  piston,  the  length  of  the  piston  had  no  effect  on  pis- 
ton-slap. The  experiments  were  conducted  very  carefully 
and  checked  a  number  of  times  to  avoid  error.  How- 
ever, if  the  piston-pin  is  too  close  to  the  top  of  the  piston, 
the  effect  is  worse  than  it  is  with  cast-iron  pistons,  on 
account  of  the  high  heat  conductivity.  This  makes  it 
necessary  to  have  a  greater  clearance  on  the  diameter 
at  the  piston  pin. 
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SUPtlRCHARGEtlS  AND  SLTl>ER- 
CHARGING  ENGINES 

By  Major  G  E  A  Hallett,i  USA' 

If  at  great  altitudes  air  is  supplied  to  the  carbureter 
of  an  engine  at  sea-level  pressure,  the  power  devel- 
oped becomes  approximately  the  same  as  when  the 
engine  is  running  at  sea  level.  The  low  atmospheric 
pressure  and  density  at  great  altitudes  offer  greatly 
reduced  resistance  to  high  airplane  speeds;  hence  the 
same  power  that  will  drive  a  plane  at  a  given  speed 
at  sea  level  will  drive  it  much  faster  at  great  altitudes 
and  with  approximately  the  same  consumption  of  fuel 
per  horsepower-hour.  Supercharging  means  forcing  in 
a  charge  of  greater  volume  than  that  normally  drawn 
into  the  cylinders  by  the  suction  of  the  pistons.  Super- 
chargers usually  take  the  form  of  a  mechanical  blower 
or  pump  and  the  various  forms  of  supercharger  are 
mentioned  and  commented  upon.  Questions  regarding 
the  best  location  for  the  carbureter  in  supercharged 
engines  are  then  considered.  Supercharging  engines, 
in  which  compression  in  the  crankcase  or  in  the  lower 
end  of  the  cylinders  is  used  to  force  an  additional  vol- 
ume of  air  or  mixture  into  the  cylinders  after  comple- 
tion of  their  normal  suction  stroke,  are  then  reviewed, 
with  discussion  of  their  special  features  and  comments 
upon  present  practice.  In  conclusion,  the  future  of  the 
supercharger  is  considered  and  the  chief  obstacles  which 
must  be  overcome  are  mentioned. 

The  need  for  aeronautic  engines  that  will  deliver  the 
same  power  at  20,000  or  even  30,000  ft.  altitude  as  they 
develop  at  sea  level  is  very  real  and  very  great,  in  not 
only  military  but  also  in  commercial  aviation.  Much  suc- 
cess has  already  been  attained  with  supercharging  de- 
vices in  this  country  and  a  certain  amount  of  success  in 
Europe.  It  must  be  admitted  that  there  have  been  some 
failures  also.  It  is  the  intention  to  outline  past  develop- 
ments in  supercharging  in  this  paper  and  to  point  out 
the  lines  of  attack  which  seem  to  be  meeting  with  most 
success. 

Supercharging,  as  the  term  is  generally  used,  means 
forcing  a  charge  of  greater  volume  than  that  which  is 
normally  drawn  into  the  cylinders  by  the  suction  of  the 
pistons  in  conventional  internal-combustion  engines. 

*  Chief  of  powerplant  section,  engineer ingr  division.  Air  Service, 
Dayton,  Ohio. 
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When  Supercharging  Is  Needed 

At  20,000  ft.  altitude  the  atmospheric  pressure  is 
roughly  one-half  that  at  sea  level;  hence  about  one-half 
the  weight  of  charge  is  drawn  into  the  engine  and  less 
than  one-half  the  power  is  developed.  At  25,000  ft.  alti- 
tude less  than  25  per  cent  of  sea-level  power  is  delivered. 
If  at  these  altitudes  air  is  supplied  to  the  carbureter  at 
sea-level  pressure,  or  approximately  14.7  lb.  per  sq.  in. 
absolute,  the  power  developed  by  the  engine  becomes  ap- 
proximately the  same  as  when  running  at  sea  level.  The 
low  atmospheric  pressure  and  density  at  great  altitudes 
offer  greatly  reduced  resistance  to  high  airplane  speeds; 
hence  the  same  power  that  will  drive  a  plane  at  a  speed  of 
120  m.p.h.  at  sea  level  will  drive  it  much  faster  at  20,000 
ft.,  and  still  faster  at  30,000  ft.  altitude,  and  with  approx- 
imately the  same  conswnvption  of  fuel  per  horsepotver- 
hour. 

There  is  little  to  be  gained  by  supercharging  at  sea 
level  to  increase  the 'power  of  a  given  size  engine,  be- 
cause the  clearance  volume  must  be  made  greater  than  , 
normal  to  prevent  preignition,  with  consequent  decrease 
in  the  expansion  ratio  and  comparatively  poor  fuel 
ec<moziiy.  The  fact  that  the  clearance  volume  is  in- 
creased removes  the  possibility  of  the  engine  developing 
full  power  at  great  altitudes  unless  a  supercharging 
capacity  greater  than  anything  heretofore  considered 
feasible  is  available.  Supercharging,  therefore,  is  most 
useful  in  maintaining  sea-level  horsepower  in  engines 
ascending  to  or  working  at  great  altitudes. 

Superchargers 

Superchargers  usually  take  the  form  of  a  mechanical 
blower  or  pump  and,  of  course,  require  a  driving  gear  of 
some  kind.  The  types  of  blowers  or  compressors  used 
to  date  include  the  reciprocating,  Root  displacement  and 
centrifugal  types.  The  reciprocating  type  was  tried  by 
the  Royal  Aircraft  Factory  early  in  the  war,  on  an  air- 
cooled  R.  A.  F.  engine,  with  practically  no  success.  It 
seems  that  this  type  of  blower  was  found  to  be  compara- 
tively heavy  and  also  unsuitable,  due  to  the  pulsating 
pressure  of  the  air  delivered. 

The  Root  type  blower  was  tried  by  the  Royal  Aircraft 
Factory  with  little  or  no  success.  The  trouble  reported 
was  •'rough"  running  of  the  engine  on  account  of  the 
pressure  pulsations  in  the  air  discharged  by  the  blower, 
which  tended  to  overcharge  some  cylinders  and  under-^ 
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Fia.  1 — Improved  Root  Type  Blower 

charge  others,  thus  causing  uneven  impulses.  It  is  re- 
ported that  mechanical  troubles  also  developed  with  this 
type  of  blower.  George  W.  Lewis,  of  the  National  Ad- 
visory Committee  for  Aeronautics,  is  working  on  an  im- 
proved Root  type  blower,  shown  in  Fig.  1.  Here  the 
pulsations  in  the  air  discharged  are  synchronized  with 
the  suction  strokes  of  the  engine.  It  will  be  interesting 
to  note  how  this  develops. 

The  centrifugal  type  of  blower  was  used  by  Prof. 
Rateau,  in  France,  early  in  the  war.  He  employed  the 
exhaust  gases  of  the  engine  to  drive  a  high-speed  single- 
stage  turbine  direct-connected  to  the  centrifugal  blower, 
shown  in  Fig.  2.  Some  success  was  had  from  the  start, 
but  he  encountered  many  mechanical  troubles.  It  is 
claimed  in  recent  reports  that  some  fairly  good  results 
are  being  obtained  by  the  French. 

The  Royal  Aircraft  Factory  experimented  in  1916  and 
1917  with  a  gear-driven  centrifugal  blower,  but  as  soon 
as  an  endeavor  was  made  to  run  it  at  speeds  that  would 
step-up  the  pressure  to  the  5  or  6  lb.  required,  great 
difficulties  were  encountered  on  account  of  the  inertia 
and  momentum  of  the  compressor  rotor  and  the  high- 
speed end  of  the  gear-train,  which  resulted  repeatedly  in 
the  breakage  of  the  gears  when  the  engine  was  accele- 
rated or  decelerated.  To  eliminate  this  trouble  a  friction 
clutch,  designed  to  slip  under  excess  torque,  was  tried, 
but  only  partial  success  was  achieved,  and  the  clutch 
itself  gave  considerable  trouble.  Light  flexible  vanes 
were  then  tried  on  the  compressor  impeller,  but  this  ex- 
pedient has  not  proved  successful  to  date.    Similar  ex- 
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periments  were  conducted  by  the  A.  E.  F.  in  France  but 
were  concluded  by  the  signing  of  the  armistice. 

The  United  States  Air  Service  started  work  on  the 
Rateau  type  of  turbo-compressor  soon  after  we  entered 
the  war.  The  work  was  done  under  the  supervision  of 
E.  H.  Sherbondy,  who  worked  in  conjunction  with  the 
Rateau-Bateau-Smoot  Co.  which  handled  the  Rateau 
patents  in  this  country,  and  designed  a  turbo-compressor 
which  seemingly  embodied  many  improvements  over  the 
Rateau  type.  Three  of  these  machines  were  built  and 
given  ground  tests  on  Liberty  engines.  The  arrangement 
of  the  Engine  and  the  supercharger  is  shown  in  Fig.  3. 
Considerable  trouble  was  encountered  due  to  overheating 
of  the  exhaust-driven  turbine,  and  even  the  use  of  a 
special  heat-resisting  metal  in  this  part  did  not  over- 
come the  trouble.  Soon  after  Mr.  Sherbondy  began  work 
on  the  turbo-compressor,  Dr.  S.  A.  Moss,  chief  of  the 
turbine  research  department  of  the  General  Electric  Co., 
asked  permission  to  carry  on  some  work  on  the  same 
general  type.  He  built  one  turbo-compressor  which  was 
also  a  modification  of  the  Rateau  type  but  differed  con- 
siderably from  Mr.  Sherbondy's  machine.  This  device 
was  tested  on  a  Liberty  engine  at  the  summit  of  Pike's 
Peak  and  developed  approximately  sea-level  horsepower 
there,  at  an  altitude  of  14,000  ft.    It  was  capable  of  mak- 
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ing  the  engine  preignite  at  that  height.  The  Moss  super- 
charger, as  first  built,  was  of  rather  crude  construction, 
and  much  mechanical  trouble  was  encountered  with  all 
parts  except  the  rotating  element. 

After  the  armistice  was  signed  all  work  on  the  develop- 
ment of  superchargers  was  stopped.  When  the  engineer- 
ing division  of  the  Air  Service  took  over  McCook  Field 
and  started  to  plan  peace-time  development,  the  super- 
charger situation  was  carefully  considered.  It  was  de- 
cided that  it  was  important  to  continue  development  work 
along  this  line.  It  then  became  necessary  to  decide 
whether  work  should  be  continued  on  both  the  Sherbondy 
and  the  Moss  machines,  and,  if  not,  which  one  should  be 
developed.  It  was  noted  that  although  Dr.  Moss'  machine 
was  comparatively  crude,  it  contained  some  inherent  ad- 
vantages over  the  Sherbondy  type,  and  no  way  was  seen 
to  overcome  the  faults  of  the  Sherbondy  machine.  There- 
fore, the  latter  was  dropped  and  the  General  Electric  Co. 
was  given  a  contract  to  rebuild  the  old  supercharger  de- 
signed by  Dr.  Moss.  The  new  device  is  now  being  tested 
in  actual  flight  and  giving  very  interesting  results.  Fig- 
ures on  the  results  obtained  with  the  present  Moss  super- 
charger are  naturally  confidential.  The  indications  are 
that  the  turbo-compressor  is  very  durable  and  probably 
will  outlast  an  aviation  engine. 

J.  W.  Smith,  a  designer  and  builder  of  air-cooled  radial 
engines,  located  in  Philadelphia,  is  known  to  have  de- 
signed a  turbo-compressor  for  this  type  of  engine.  The 
B.  F.  Sturtevant  Co.  at  Boston,  Mass.,  has  at  least  par- 
tially developed  a  belt-driven  centrifugal  compressor  for 
supercharging  one  of  its  aircraft  engines. 

Carbureter  Locations 

There  is  still  some  question  as  to  the  best  location  for 
the  carbureter  in  relation  to  the  blower  in  supercharged 
engines.    Apparently  all  positions  have  been  tried. 

(1)  It  is  possible  to  use  the  centrifugal  type  of  blower 
as  a  carbureter  by  placing  a  fuel  jet  within  its 
housing  and  allowing  the  rotor  to  do  the  mixing. 
As  the  rotor  usually  runs  over  20,000  r.p.m.,  it  will 
certainly  mix  liquid  fuel  with  air.  This  system 
would  require  a  manual  fuel  adjustment,  such  as  is 
used  with  the  Gnome  engine,  for  different  speeds. 
With  this  arrangement  there  would  be  danger  of  an 
explosion  in  the  blower  in  case  the  engine  back- 
fired, because  the  mixture  in  the  blower  would  be 
under  pressure  higher  than  atmospheric 
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Fig.  3 — Sherbondy  Supercharger  Mounted  on  Enginc 

(2)  The  carbureter  can  be  placed  on  the  suction  side 
of  the  blower.  In  this  case  the  evaporation  of  the 
fuel' will  assist  in  cooling  the  charge  during  com- 
pression and  the  action  of  the  compressor  will  im- 
prove the  mixing  of  the  fuel,  but  the  danger  from 
explosion  remains  to  be  overcome 

(3)  When  the  carbureter  is  placed  in  the  "normal" 
position  and  air  is  forced  through  it,,  it  becomes 
necessary  to  "balance"  the  float-chamber  with  su- 
percharger pressure.  This  somewhat  complicates 
the  feeding  of  fuel.  Pressure  gas-feed  systems  are' 
"banned"  in  military  planes  and  in  any  case  with  a 
pressure  system  the  tanks  would  have  to  be  made 
comparatively  heavy  to  withstand  the  pressure 
which  would  be  used  at  great  altitudes.  Where 
gasoline  pumps  are  used  it  is  necessary  to  regulate 
their  discharge  pressure  as  the  plane  ascends,  be- 
cause the  fuel  must  reach  the  float-chamber  at  a 
pressure  about  2%  lb.  higher  than  that  at  the 
supercharger  outlet.  If  the  difference  in  fuel  and 
float-chamber  pressures  is  not  kept  in  constant 
relation,  the   quality   of   the   mixture   fed   to   the 
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engine  will  vary  on  account  of  the  change  in  fuel 
level  in  the  float<chamber.  The  engineering  divi- 
sion has  developed  a  very  simple  device  that  solves 
this  problem  effectively  and  is  entirely  automatic 

It  would  naturally  seem  at  first  thought  that  the  ex- 
tremely low  temperatures  always  found  at  great  altitudes 
would  make  possible  the  easy  solution  of  cooling  problems, 
but  in  reality  the  low  density  of  the  air  reduces  its  heat 
conductivity  and  capacity  for  heat  absorption  to  such 
a  point  that  a  supercharged  engine  developing  sea-level 
power  at  20,000  ft.  requires  a  little  more  cooling  surfoM 
than  it  does  when  developing  normal  power  at  sea  level 

The  Liberty  engine  and  many  others  run  best  with  a 
water  temperature  of  about  170  deg.  fahr.  To  maintain 
the  cooling  water  at  this  temperature  in  the  reduced  at- 
mospheric pressure  at  25,000  ft.  it  is  necessary  to  use 
several  pounds  of  air  pressure  in  the  radiator  to  pre- 
vent the  water  from  boiling  away.  Very  effective  radi- 
ator shutters  are  needed  when  the  engine  is  throttled  to 
make  a  descent  from  altitudes  of  over  20,000  ft  to 
prevent  the  water  in  the  radiator  from  freezing  before 
warmer  air  is  reached. 

Contrary  to  expectations,  the  Moss  turbo-compressor 
now  being  tested  at  McCook  Field  does  not  complicate 
the  pilot's  controls.  On  a  normal  engine  the  pilot  handles 
the  throttle  And  the  altitude  carbureter  control  which 
thins  down  the  mixture  as  he  ascends.  With  the  turbo- 
compressor  the  altitude  control  becomes  unnecessary  up 
to  the  altitude  at  which  the  engine  can  no  longer  deliver 
sea-level  power  but  is  used,  as  with  a  normal  engine,  if 
the  plane  is  driven  higher. 

With  the  Moss  turbo-compressor,  when  flying  at  low 
altitudes,  the  exhaust  pressure  is  aUowed  to  "waste'' 
through  manually  operated  "gates"  in  the  exhaust  pipes. 
As  the  plane  ascends  the  pilot  closes  these  gates  a  little 
at  a  time  and  after  he  reaches  a  great  altitude  he  can 
speed  and  retard  the  plane  by  the  use  of  these  gates. 
He  uses  the  throttle  only  in  case  he  wants  to  descend 
rapidly,  when  he  closes  it.  In  our  test  flights  we  have 
provided  the  pilot  with  a  scaled  altimeter  connected  only 
to  the  supercharger  pressure,  so  that  it  shows  to  what 
altitude  this  pressure  corresponds.  When  at  great  alti- 
tude the  pilot  closes  the  exhaust  gates  until  the  pressure 
in  the  carbureters  causes  the  altimeter  to  show  sea-level 
pressure.  This  makes  it  unnecessary  for  him  to  do  any 
calculating.    If  he  makes  the  gage  read  lower  than  sea 
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level,  the  engine  will  preignite.  We  have  already  been 
able  to  obtain  sea-level  pressure  in  the  carbureters  at 
well  over  20,000  ft.  The  exact  height  cannot  be  mentioned 
at  present 

With  a  normal  engine  the  falling  off  in  power  as  the 
plane  ascends  does  not  cause  as  much  of  a  drop  in  pro- 
peller speed  as  might  be  expected,  because  of  the  reduc- 
tion in  density  of  the  air  in  which  the  propeller  is  work- 
ing. Our  best  engines  do  not  lose  over  75  r.p.m.  at 
20,000  ft.  When  an  engine  is  supercharged  so  that  the 
power  remains  constant  as  the  plane  ascends,  the  pro- 
peller tends  to  "race"  at  great  altitudes.  Therefore  it 
is  necessary  either  to  use  a  variable-pitch  propeller  or 
to  put  on  one  that  holds  the  engine  speed  down  too  low 
for  best  performance  on  the  ground  but  also  does 
not  allow  the  engine  to  race  too  much  at  great  altitude. 
In  our  present  tests  we  are  using  an  oversize  propeller 
and  getting  surprisingly  good  results,  but  we  also  have 


Pia.  4 — Kessler   Supercharging  Engine 

variable-pitch  propellers  about  ready  for  test  and  should 
get  much  better  performance  with  them. 

Supercharging  Engines 

As  generally  used,  the  term  "supercharging  engines" 
refers  to  internal-combustion  engines  in  wliich  compres- 
sion in  the  crankcase  or  in  the  lower  end  of  the  cylinders 
is  used  to  force  an  additional  volume  of  air  or  mixture 
into  the  working  cylinders  after  completion  of  their 
normal  auction  stroke.    Early  in  the  war  the  Army  and 
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the  Navy  each  placed  an  order  with  the  Kessler  Motor 
Co.,  Detroit,  Mich.,  for  several  experimental  supercharg- 
ing engines.  This  type  of  engine,  shown  in  Fig.  4,  supers 
charged  each  cylinder  by  the  use  of  crankcase  pressure, 
as  is  possible  in  four-cycle  engines.  Experiments  were 
made  using  both  air  and  mixture  in'  the  crankcase. 
Considerable  difficulty  was  encountered  in  both  the  de- 
sign and  construction  of  the  engine  and  so  far  as  the 
engineering  division  has  learned,  no  complete  tests  have 
been  run;  and  in  the  small  amount  of  testing  that  has 
been  done  no  very  large  increase  in  power  or  brake  mean 
effective  pressure  has  been  shown  officially.  It  is  be- 
lieved that  the  frictional  losses  will  prove  to  be  very 
high  in  this  type  of  engine  and  that  the  supercharging 
will  be  comparatively  limited.  A  similar  engine  which 
was  tested  in  this  country  did  show  very  high  frictional 
loss,  due  partly  to  the  work  of  operating  the  valves 
which  controlled  the  crankcase  air. 

An  interesting  problem  in  this  tjrpe  of  engine  when 
using  air  in  the  crankcase  is  whether  a  rich  mixture 
should  be  fed  through  the  regular  induction  system  and 
an  effort  made  to  dilute  it  with  the  supercharged  air,  or 
a  normal  mixture  should  be  fed  through  the  induction  sys- 
tem and  an  attempt  made  to  obtain  perfect  stratification 
and  thus  let  the  supercharged  air  merely  form  a  cool, 
elastic  and  expanding  cushion  on  the  piston-head.  It  is 
feared  that  in  either  case  it  will  be  difficult  to  secure  the 
desired  results  through  a  large  range  of  speeds  and 
throttle  positions. 

There  is  an  English  make  of  supercharging  engine  in 
which  air  is  compressed  under  the  piston  and  by-passed 
through  cylinder  ports  at  the  bottom  of  every  stroke, 
(see  Fig.  5)  supercharging,  as  in  the  Kessler  engine,  at 
the  end  of  the  suction  stroke  and  scavenging  at  the  end 
of  the  exhaust  stroke.  It  is  claimed  by  the  inventor 
that  this  scavenging  makes  possible  the  use  of  higher 
compression  and  greatly  improves  the  fuel  economy  and 
brake  mean  effective  pressure.  It  is  believed  that  this 
engine  will  give  rather  limited  supercharging  and  it  may 
prove  difficult  to  control  the  mixing  or  stratification  of 
the  air  and  mixture  at  some  speeds. 

In  an  English  rotary  air-cooled  engine  the  pistons 
travel  out  to  the  cylinder-heads  on  the  scavenging  stroke 
and  the  beginning  of  the  suction  stroke  and  continue  an 
extra  distance  inward  at  the  end  of  the  suction  stroke, 
thus  taking  in  a  larger  charge  than  that  of  a  conven- 
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tional  engine.  The  piston  reaches  only  a  normal  position 
at  the  end  of  the  compression  stroke  and  continues  an 
extra  distance  inward  at  the  end  of  the  suction  stroke; 
all  by  means  of  an  eccentric  crankpin  bearing  which  is 
rotated  on  the  crankpin  by  gears  of  suitable  ratio.  This 
type  of  engine  must  certainly  give  a  very  limited  amount 
of  supercharging. 

It  is  believed  that  supercharging  engines  will  neces- 
sarily give  a  rather  limited  amount  of  supercharging.  It 
is  also  believed  that  considerable  difficulty  will  be  en- 
countered in  obtaining  the  desired  stratification  in  mixing 
conditions  in  the  combustion  chamber  through  any  wide 
range  of  throttle  positions.  Also,  some  mechanical  fric- 
tion is  added  in  this  type  of  engine  and  it  must  be  borne 
in  mind  that  friction  is  particularly  undesirable  at  great 
altitudes  because  it  remains  nearly  constant  from  the 
ground  up  to  great  altitudes  while  the  power  falls  off 
rapidly;  therefore,  the  mechanical  efficiency  of  the  engine 
becomes  very  low. 

The  Root  type  of  blower  might  be  interesting  for 
supercharging  purposes  if  the  troubles  caused  by  the 
pulsating  nature  of  its  discharge  could  be  eliminated.  It 
is  hoped  that  Mr.  Lewis'  efforts  along  this  line  will  meet 
with  success. 

It  is  already  frequent  practice  to  build  aviation  engines 
with  compression  so  high  that  the  throttle  cannot  be 
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fully  opened  on  the  ground  without  injury  to  the  engine. 
In  this  way,  perhaps,  the  same  power  is  obtained  at  5000 
ft.  as  can  be  obtained  on  the  ground.  It  has  been  sug- 
gested that  this  idea  be  carried  further  and  that  an 
"oversize"  engine  be  built  with  much  higher  compression 
80  that  the  throttle  cannot  be  opened  fully  until  a  con- 
siderable altitude,  such  as  10,000  or  15,000  ft.,  is  reached. 
It  has  been  stated  that  such  an  engine  could  be  made 
lighter,  in  proportion  to  the  cylinder  sizes,  than  a  con- 
ventional engine,  on  account  of  the  fact  that  the  throttle 
would  never  be  opened  near  the  ground,  but  it  is  be- 
lieved that  when  this  idea  is  investigated,  it  will  be 
found  that  it  is  the  inertia  forces  quite  as  much  as  the 
explosion  forces  that  determine  the  necessary  strength 
in  most  high-speed  airplane  engine  parts  and  that  there- 
fore such  an  engine  could  not  be  built  light  enough  to 
make  it  practical.  In  any  case,  it  is  doubtful  whether 
this  would  give  a  really  good  solution  for  flying  at  25,000 
or  30,000  ft. 

It  is  possible  that  centrifugal  compressors  can  be  oper- 
ated satisfactorily  by  gears  or  by  a  belt  drive.  It  is 
known  that  some  designers  are  working  on  both  of  these 
problems. 

The  turbo-compressor  in  which  an  exhaust-driven  tur- 
bine is  used  for  driving  the  centrifugal  compressor, 
seems  to  present  one  fairly  good  way  of  accomplishing 
the  desired  purpose.  The  turbo-compressor  itself  is 
very  simple,  as  there  is  only  one  moving  part,  namely  the 
rotating  element  consisting  of  the  turbine  wheel  and 
compression  impeller.  The  bearings  of  this  rotating 
element  do  not  seem  to  wear  noticeably  and  the  device 
imposes  very  little  drag  on  the  engine  when  not  being 
used  for  supercharging.  The  turbo-compressor  is  also 
an  effective  exhaust  muffler. 

The  Future  of  the  Supercharger 

It  is  believed  that  when  the  present  type  of  turbo-com- 
pressor now  being  tested  by  the  engineering  division  has 
been  more  fully  developed,  it  can  be  built  into  an  engine 
in  a  form  which  will  add  less  weight  and  less  head- 
resistance  than  the  present  machine,  and  naturally  when 
we  know  exactly  what  additional  cooling  surface  is  re- 
quired at  a  given  height,  it  will  not  be  difficult  to  build 
this  cooling  surface  into  the  airplane  in  such  a  form  that 
very  little  weight  and  head-resistance  will  be  added. 
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The  uses  of  the  supercharger  for  military  service  can 
be  divided  into,  first,  for  airplanes  in  which  it  is  desired 
to  reach  extreme  altitude ;  second,  for  airplanes  in  which 
it  is  desired  to  increase  the  rate  of  climb  and  horizontal 
speed  and  therefore  maneuverability  at  altitudes  where  it 
is  intended  to  fight;  and,. third,  for  airplanes  which  carry 
large  loads,  such  as  bombers,  which  normally  are  handi- 
capped by  having  a  very  low  ceiling  and  whose  entire  use- 
fulness would,  if  larger  engines  were  installed  to  pull 
them  to  a  higher  ceiling,  be  lost  on  account  of  the 
larger  amount  of  fuel  and  other  material  that  would  have 
to  be  carried,  thus  decreasing  their  radii  of  action. 

In  the  first  case  it  is  believed  that  a  special  super- 
charger can  be  built  that  will  make  feasible  much  greater 
altitudes  than  any  that  have  been  attained  with  the 
present  General  Electric  turbo-compressor;  and  it  is 
considered  essential  that  we  have  airplanes  capable  of 
reaching  very  great  heights.  In  the  second  case,  it  is 
pointed  out  that  military  machines  not  fitted  with  super- 
charging engines,  when  fighting  at  an  altitude  of  20,000 
ft.  or  more,  are  so  near  their  ceiling  that  their  rates  of 
climb,  speed  and  maneuverability  are  comparatively 
poor,  but  the  use  of  a  supercharger  seems  to  overcome 
this  difliculty  easily.  When  a  pilot  climbs  with  a  normal 
engine  to  20,000  ft.  and  then  levels  off  in  horizontal 
flight,  the  engine  and  propeller  speed  up  perhaps  100 
r.p.m.  This,  of  course,  enables  the  engine  to  develop 
slightly  more  power.  In  the  case  of  a  supercharged 
engine,  especially  with  the  turbo-compressor  type  of 
supercharger,  as  the  engine  speeds  up  in  horizontal 
flight,  the  temperature  of  the  exhaust  and  the  power 
available  from  the  exhaust  increase,  thus  building  up 
the  supercharging  pressure  and  giving  considerably 
greater  increased  power  than  with  a  normal  engine. 

The  use  of  superchargers  in  commercial  airplanes  of 
the  future  is  assured  because  superchargers  will  make 
possible  far  more  miles  per  hour  and  more  miles  per  gal- 
lon with  a  given  engine  and  airplane,  and  speed  is  the 
main  advantage  of  air  over  other  kinds  of  transportation. 
It  is  thought  by  many  qualified  judges  that  by  flying  at 
a  sufikient  height  with  a  supercharged  engine  and  a 
suitably  designed  airplane,  a  speed  of  200  m.p.h.  can  be 
maintained. 

In  the  heavy-load-carrying  type  of  plane  which  must 
necessarily  cross  mountains  or  perhaps  fly  above  storms 
and  clouds,  the  necessary  height  can  be  reached  with 
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smaller,  cheaper  and  more  economical  engines  if  they 
are  fitted  with  superchargers.  It  is  obvious  that  in 
really  long  cross-country  flights  or  trans-continental 
flights,  with  mail  or  passengers,  the  logical  course  is  to 
fly  at  25,000  or  30,000  ft.  altitude  where  the  resistance  to 
speed  is  low  and  great  speed  can  therefore  be  attained 
provided  the  engine  can  deliver  high  power  economically, 
which  it  can  do  if  equipped  with  a  supercharger. 

As  a  graphic  illustration  of  the  advantage  of  a  super- 
charged engine,  it  is  pointed  out  that  at  25,000  ft.  alti- 
tude a  supercharged  250-hp.  engine  will  deliver  as  much 
power  as  a  1000-hp.  engine  without  a  supercharger;  and 
of  course  the  former  will  weigh  many  hundred  pounds 
less,  its  fuel  and  tankage  will  weigh  very  much  less,  the 
first  cost  will  be  much  lower  and  the  structure  of  the 
airplane  can  be  made  much  lighter. 

THE    DISCUSSION 

T.  S.  Kemble: — Major  Hallett's  paper  should  be  of 
greater  than  passing  interest,  especially  to  those  who 
have  had  any  part  in  aeronautic  development.  The  open- 
ing sentence  of  the  paper  tends  to.  convey  an  impression 
which  was  perhaps  not  intended.  I  mean  the  impression 
that  the  powerplants  of  commercial  airplanes  will  be 
called  upon  to  deliver  full  sea-level  power  habitually  at 
very  great  altitudes.  I  would  not  assent  to  any  asser- 
tion that  data  are  lacking  for  the  design  of  light  engines 
capable  of  delivering  high  sea-level  power  for  long  pe- 
riods. Another  factor  however  militates  strongly  against 
the  habitual  use  of  full  sea-level  power.  Our  present- 
day  airplanes  have  maximum  power  equipment  sufficient 
to  fly  at  speeds  too  high  for  greatest  fuel-per-mile  econ- 
omy. This  is  necessary  and  desirable  in  order  that 
partial  decrease  of  power  from  any  cause  may  not  in- 
volve a  too  serious  risk.  When  the  airplane  is  brought 
to  a  proper  commercial  basis  it  will  continue  to  carry 
excess  power,  but  will  fly  at  a  speed  approaching  that 
which  is  most  efficient.  It  will  use  maximum  power  only 
in  climbing  and  in  emergencies.  It  is  fortunate  that  this 
condition  obtains.  It  means  that  however  sturdy  the 
airplane  engine  becomes,  the  conditions  of  service  will 
give  longer  life  and  require  less  attention  than  would  be 
possible  otherwise. 

We  have  a  further  advantage  in  that  superchargers 
will  ordinarily  be  called  upon  to  make  up  only  part  of 
the  difference  between  sea-level  and  great-altitude  air 
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density  and  cooling,  and  propeller  problems  are  rendered 
less  difficult.  An  added  advantage  in  connection  with 
superchargers  lies  in  the  simple  means  which  they  offer 
for  furnishing  the  pilot  and  passengers  with  air  at  such 
temperature  and  density  as  to  obviate  the  discomfort 
ordinarily  attendant  upon  great-altitude  flying. 

Major  G.  E.  A.  Hallett: — Mr.  Kemble's  points  are 
good.  I  heartily  agree  with  him  as  to  the  necessity  for 
running  airplane  engines  at  far  below  their  maximum 
power  output  for  the  sake  of  durability,  especially  for 
commercial  use.  A  supercharged  engine,  supercharging 
to  bring  it  up  to  0.8  of  its  sea-level  power  at  an  altitude 
of  20,000  ft.,  would  correspond  in  durability  to  an  un- 
supercharged  engine  running  at  0.8  of  its  rated  sea-level 
power,  or  approximately  wide-open  throttle^  at  6000  ft. 
but  would  make  much  greater  speed  due  to  the  lowered 
density  of  the  air  at  the  great  altitude. 

As  to  the  need  for  full  speed  in  commercial  aviation, 
there  are  times  when  this  is  the  most  economical  speed. 
For  example,  consider  the  extreme  case  of  an  airplane 
capable  of  making  100  m.p.h.  flying  while  throttled  down 
to  an  air  speed  of  70.  m.p.h.  and  flying  against  a  70-mile 
head  wind.  The  result  would  be  that  the  airplane  would 
be  standing  still  and  the  fuel  necessary  to  drive  it  at  an 
air  speed  of  70  m.p.h.  is  totally  wasted  as  far  as  getting 
anywhere  is  concerned,  while  if  the  throttle  is  opened 
so  that  the  airplane  makes  its  maximum  air  speed  of 
100  m.p.h.,  the  fuel  that  is  burned  is  driving  the  air- 
plane toward  its  destination  at  the  rate  of  30  m.p.h. 
Hence,  a  greater  economy  is  effected  than  if  the  engine 
is  run  partly  throttled  down  and,  as  Mr.  Kemble  points 
out,  a  supercharger,  supercharging  to  only  0.8  of  sea- 
level  power  at  20,000  ft.,  for  example,  is  much  easier 
to  accomplish  and  presents  much  less  of  a  propeller  prob- 
•  lem  than  complete  restoration  of  power  at  this  or  greater 

altitudes.  ,  .      ^  x         i.  ai.  4. 

Mr.  Kemble  is  entirely  correct  in  his  statement  that 
the  supercharger  provides  means  of  keeping  the  pilots 
and  passengers  comfortable  with  air  of  the  proper  tem- 
perature and  density.  The  engineering  division  has  for 
some  time  planned  to  arrange  an  airplane  in  this  manner 
for  Major  Schroeder's  use  in  his  extreme  great-altitude 
experiments  and  for  use  in  proposed  high-speed  cross- 
country flights  at  considerable  altitude. 
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BY  FUEL 

By  Gu3tave  a  Kramer^ 

Engine  lubrication  troubles  resulting  from  the  dilu- 
tion of  the  lubricating  oil  in  eng^ine  crankcases  appear 
with  increasing  frequency,  particularly  where  economy 
demands  the  use  of  cheap  grades  of  fuel.  Unless  a 
lubricant  not  miscible  with  present  engine  fuels  can  be 
produced,  lubricants  will  steadily  decrease  in  viscosity 
whenever  fuel  finds  its  way  into  them.  The  most  satis- 
factory remedy  is  to  prevent  dilution  of  the  oil.  To  pre- 
vent absorption  of  the  fuel  by  the  oil  is  a  problem  of 
engine  design.  In  experiments  made  by  the  Bureau  of 
Standards  the  absorption  of  fuel  vapors  at  average  en- 
gine temperatures  was  found  to  be  negligible;  further 
experiments  and  oil  tests  showed  no  indication  of  dilu- 
tion due  to  cracking,  with  representative  refiners' 
products  from  typical  crude  oils  available  in  this  coun- 
try. Information  was  necessary  relative  to  the  effect 
on  the  viscosity  of  lubricating  oils  of  their  dilution 
with  varying  percentages  of  fuels;  the  maximum  tem- 
perature to  which  they  can  be  raised  without  serious 
deterioration  when  exposed  to  the  air  and  to  their  own 
vapor,  and  the  maximum  temperatures  to  which  they 
must  be  heated  to  remove  the  ncces3ary  proportion. of 
the  fuels  they  contain.  A  series  of  experiments  made  to 
determine  the  effects  of  fuel  admixture  on  oil  viscosity 
is  therefore  next  considered  and  this  statement  is  sup- 
plemented by  additional  data  and  discussion  relative  to 
distillation  methods  for  removing  the  fuel  from  the 
oil.  Several  further  experiments  were  carried  out  to 
indicate  possible  improvements  through  simple  changes 
in  distillation  methods,  relative  to  time  of  heating  and 
area  of  free  surface  exposed.  The  ultimate  solution 
of  the  problem  is  believed  to  lie  along  the  line  of  new 
departures  in  engine  design  that  will  prevent  the 
accumulation  of  liquid  fuel  in  the  cylinders  and  in 
the  lubricating  system.  In  an  appendix  suggestions 
are  made  advocating  the  use  on  existing  engines  of 
some  self-contained  device  for  restoring  the  viscosity 
of  lubricating  oils,  with  some  details  regarding  the 
features  such  a  device  should  embody. 

Parallel  with  the  decline  in  the  volatility  of  commercial 
gasoline,  complaints  have  appeared  with  increasing  fre- 

^Chemical  engineer,  Bureau  of  Standards,  Washington. 
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quency  of  engine  lubrication  troubles  resulting  from  the 
dilution  of  the  lubricating  oil  in  engine  crankcases.  The 
trouble  is  particularly  pronounced  in  tractor  engines 
where  economy  demands  the  use  of  the  cheapest  possible 
grade  of  fuel. 

How  much  of  the  trouble  reported  is  really  caused  by 
dilution  of  the  lubricant  would  be  difficult  to  trace. 
Nevertheless  it  must  be  admitted  that  the  problem  does 
exist  and  that  it  is  becoming  more  serious  with  the 
steady  decrease  in  volatility  of  internal-combustion  en- 
gine fuel.  Inasmuch  as  this  decrease  is  due  to  an  in- 
creased demand,  no  relief  through  an  increase  in  vola- 
tility of  the  fuel  is  in  sight.  The  situation  must  then  be 
squarely  faced  by  the  engineers  of  the  country  and 
attacked  from  every  direction  that  promises  a  solution 
of  the  problem. 

The  most  satisfactory  method  of  handling  investiga- 
tions of  this  kind  is  usually  that  of  elimination ;  the  find- 
ing of  answers  to  the  simple  questions  which  form  a 
part  of  the  more  complex  problem.  The  Bureau  of  Stand- 
ards is  attempting  to  throw  light  on  a  few  phases  of  the 
subject.  The  work  described  was  done  as  a  part  of  the 
general  investigation  of  lubricants  and  lubrication  now 
under  way  and  was  naturally  confined  to  the  influence 
that  the  properties  of  the  available  lubricating  oils  have 
on  the  phenomena  of  crankcase  dilution.  The  properties 
of  the  oils  must  to  a  certain  extent  be  regarded  as  rigidly 
fixed,  the  oils  being  products  of  refining  from  available 
crude  oils  as  are  also  the  fuels  under  consideration. 
There  exists  a  wide  range  of  viscosities  from  which  to 
choose,  but  the  possible  range  for  a  given  type  of  engine 
is  comparatively  narrow  and  still  narrower  for  any  indi- 
vidual engine.  From  our  present  knowledge,  there  is  little 
hope  of  finding  an  oil  whose  viscosity  will  not  be  affected 
by  the  admixture  of  gasoline  and  kerosene.  Even  castor- 
oil,  the  only  commercially  available  lubricant  that  at  ordi- 
nary temperatures  does  not  mix  with  gasoline  and  kero- 
sene in  all  proportions,  loses  this  property  at  engine 
temperatures.  Experiments  made  by  the  Bureau  of 
Standards  on  a  commercial  sample  have  shown  that  it 
dissolves  an  equal  volume  of  kerosene  at  35  deg.  cent.  (95 
deg.  fahr.),  and  an  equal  volume  of  gasoline  at  24  deg. 
cent.  (75  deg.  fahr.).  In  fact,  above  43  deg.  cent.  (110 
deg.  fahr.),  either  gasoline  or  kerosene  will  dissolve  in 
castor-oil  in  any  proportion,  and  the  reduction  in  the  vis- 
cosity of  castor-oil  is  probably  no  less  for  the  same  dilution 
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than  that  of  an  equally  viscous  petroleum  oil.  (See  Fiir- 
2).  Since  an  oil  is  usually  above  40  deg.  cent.  (104  deg. 
fahr.)  the  major  portion  of  the  time  that  an  engine  is  in 
operation,  it  is  evident  that  castor-oil  offers  no  solution 
of  the  difficulty.  Unless  some  unforeseen  discovery  should 
enable  us  to  produce  economically  a  lubricant  not  miscible 
with  our  present  engine  fuels,  we  must  expect  to  lubri- 
cate our  engines  with  oils  which  steadily  decrease  in 
viscosity  whenever  a  part  of  the  fuel  can  find  its  way 
into  the  oil.  To  substitute  oils  of  higher  viscosities  so 
that  even  considerable  dilution  could  be  permitted  would 
only  mean  postponing  and  not  preventing  the  trouble. 

Two  Possible  Solutions  of  the  Problem 

This  being  the  case,  two  logical  ways  remain  for 
overcoming  the  difficulties.  The  first  and  most  satisfac- 
tory is  to  prevent  dilution  of  the  oil.  The  second  is  to 
separate  the  fuel  from  the  oil,  thereby  restoring  the  oil 
to  its  original  viscosity  as  nearly  as  is  possible. 

To  prevent  absorption  of  the  fuel  by  the  oil  is  a  prob- 
lem of  engine  design.  Better  atomization  and  vaporiza- 
tion would  undoubtedly  aid.  The  cross-head-type  engine, 
whose  cylinders  are  relieved  of  all  side-pressure  and 
therefore  require  only  sparing  lubrication,  might  afford 
a  step  in  the  right  direction.  But  the  elaboration  of  these 
possibilities  is  beyond  the  scope  of  this  paper. 

When  considering  oil  dilution  by  fuel,  it  should  be 
remembered  that,  during  the  suction  and  compression 
strokes,  the  lubricant  on  the  cylinder-walls  is  in  contact 
with  the  air-fuel  mixture.  This  oil  may  absorb  part  of 
the  fuel  and  then  drip  from  the  cylinder-walls  into  the 
crankcase.  Moreover,  even  the  best  fitting  pistons  and 
rings  allow  some  of  the  cylinder  charge  to  leak  into  the 
crankcase  during  compression. 

Experiments  were  therefore  undertaken  to  determine 
to  what  extent  the  absorption  of  fuel  vapors  can  occur 
at  average  engine  temperatures.  A  simple  apparatus  was 
set  up  and  arranged  so  that  a  measured  volume  of  a 
uniform  gasoline-air  mixture  could  be  bubbled  through 
the  oil  under  examination.  A  steam  bath  permitted  tem- 
perature control  of  both  the  oil  and  the  gasoline-air 
mixture.  The  amount  of  vapors  absorbed  during  a  given 
time  was  determined  by  the  increase  in  the  weight  of 
the  oil.  The  results  show  that  there  is  a  limit  to  the 
amount  of  gasoline  vapors  absorbed  under  these  condi- 
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tions.  That  this  limit  is  rather  definite  was  shown  by 
the  fact  that  after  a  certain  train  in  weight  had  been 
observed  and  the  oil  replaced  in  the  system,  the  drawing 
of  a  second  equal  volume  of  the  gasoline-air  mixture 
through  the  oil  produced  no  increase  in  weight.  '  The  use 
of  a  considerably  richer  mixture  resulted,  as  would  be 
expected,  in  a  greater  increase  in  weight.  Repeating 
the  first  experiment  with  oil  to  which  a  quantity  of  gaso- 
line had  been  added,  a  decrease  in  oil  weight  resulted 
such  that  at  the  end  of  this  experiment  it  was  approxi- 
mately the .  same  as  at  the  completion  of  the  first 
experiment  These  experiments  thus  indicate  that  a 
point  of  equilibrium  is  soon  reached,  at  which  the  gaso- 
line evaporates  from  the  oil  at  the  same  rate  as  that 
at  which  the  oil  absorbs  it.  The  amount  of  gasoline  in 
the  oil  when  this  point  is  reached  is  not  large,  ranging 
from  0.4  to  2  per  cent  with  different  oils  and  various 
gasoline-air  ratios.  It  should  be  noted  in  connection  with 
this  experiment  that  a  high  grade  of  gasoline  was  used 
throughout  so  that  it  entirely  evaporated  in  the  air- 
current  before  reaching  the  oil. 

Although  the  method  just  described  was  an  approxi- 
mation of  the  conditions  to  which  a  lubricant  is  subjected 
in  an  engine  as  regards  gasoline-air  mixtures,  it  was 
thought  that  apparatus  based  on  a  different  principle, 
that  of  partial  vapor-pressures,  would  be  more  satisfac- 
tory for  further  work.  Such  apparatus  has  been  built 
and  sufficient  work  has  been  done  to  indicate  that  the 
point  of  equilibrium  already  mentioned,  while  varying 
with  different  oils,  is  in  no  case  greater  than  the  maxi- 
mum given.  From  present  indications  it  must  con- 
sequently be  concluded  that  this  source  of  dilution, 
the  absorption  of  fuel  vapors  at  engine  temperatures,  is 
negligible. 

Cracking  Process  in  Engines 

There  is  another  method  by  which  the  viscosity  of  oils 
may  be  reduced  that  is  the  topic  of  much  discussion  at 
present.  The  assertion  is  frequently  made  that  there  is 
no  need  of  explaining  the  observed  reduction  in  viscosity 
of  lubricants*  by  their  dilution  with  unbumed  fuel, 
because  a  process  similar  to  that  used  in  the  manufac- 
ture of  gasoline  from  the  heavier  hydrocarbons,  called 
"cracking"  by  refiners,  is  continuously  in  progress  on 
the  overheated  metallic  surfaces  of  the  engine.    I  have 
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never  heard  any  oil-refiner  make  or  sustain  this  state- 
ment, but  the  opinion  of  the  Bureau  of  Standards  on  this 
subject  has  been  sought  so  frequently  that  a  few  remarks 
seem  warranted. 

The  results  from  a  series  of  oil  tests  made  by  the 
Bureau  of  Standards,  in  an  aircraft  engine  operating 
continuously  for  periods  of  from  5  to  11  hr.  at  nearly 
full  load,  showed  no  indication  of  dilution  due  to  crack- 
ing with  the  oils  used,  these  being  representative  of  the 
refiners'  products  from  the  typical  crudes  available  in 
this  country.  In  these  tests  the  viscosities  of  all  the  oils 
used  increased  steadily  during  the  runs.  The  amount  of 
light  fractions,  those  distilling  below  232  deg.  cent.  (450 
deg.  fahr.),  found  in  the  crankcase  oil,  was  at  no  time 
during  the  test  greater  than  1.5  per  cent  by  volume;  and 
an  examination  of  these  light  fractions  showed  nearly  the 
same  percentage  of  unsaturated  compounds  as  the  origi- 
nal fuel.  Had  there  been  any  dilution  due  to  cracking, 
this  would  have  been  indicated  by  the  presence  of  a  larger 
proportion  of  unsaturated  compounds. 

It  is  not  claimed  here  that  some  destructive  distillation 
of  the  oil  does  not  occur  in  engines.  It  is  probable  that 
whenever  a  few  drops  of  oil  come  into  contact  with  an 
engine  part  hot  enough  to  cause  cracking,  the  light  prod- 
ucts formed  are  spontaneously  evaporated  by  the  heat  of 
the  part.  True  cracking  of  hydrocarbons  occurs,  to  a  con- 
siderable extent,  only  at  a  much  higher  temperature  than 
is  generally  imagined  and  seldom  below  300  deg.  cent. 
(572  deg.  fahr.).  Tests  on  an  airplane  engine  were 
selected  because  of  the  high  temperatures  to  which  the 
oils  are  subjected  in  this  type.  The  temperatures  in 
tractor  engines  are  not  much  lower,  but  in  neither  type, 
if  well  designed,  do  enough  parts  ever  attain  sufiiciently 
nigh  temperatures  to  give  any  considerable  amount  of 
cracked  products. 

To  prove  or  disprove  conclusively  whether  spontaneous 
decomposition  of  an  oil  can  occur  at  the  temperatures 
prevailing  in  internal-combustion  engines,  requires  the 
determination  of  the  cracking  temperature  of  that  oil. 
The  Bureau  of  Standards  has  devised  a  simple  apparatus 
for  this  purpose,  although  this  is  still  in  process  of  devel- 
opment. Until  such  apparatus  is  proved  satisfactory, 
or  until  further  information  is  obtained,  judgment  as  to 
cracking  of  oils  in  engines  must  rest  on  the  fact  that 
no  dilution  due  to  decomposition  has  been  found  to  any 
considerable  extent  in  used  lubricating  oils. 
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PossiBiUTY  OF  Immediate  Relief 

Even  if  an  en^rine  should  be  developed  within  a  short 
time  that  conformed  to  the  requirements  necessary  to 
prevent  oil  dilution,  relief  would  reach  the  owner  only 
as  the  engines  in  use  were  replaced  by  the  new  design, 
and  this  would  be  a  matter  of  several  years.  For  the 
intervening  period,  the  second  means  suggested  for  pre- 
venting lubrication  trouble  from  fuel  dilution  may  be 
found  applicable.  This  is  to  prevent  failure  of  lubrica- 
tion by  removing  a  sufficient  portion  of  the  fuel  which 
has  entered  into  the  oil.  The  simplest  practical  pro- 
cedure for  this  would  appear  to  be  some  process  of  dis- 
tillation, carried  on  at  temperatures  high  enough  to 
evaporate  the  major  portion  of  the  absorbed  fuel,  yet 
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below  those  at  which  oxidation  of  the  oil  would  occur  to 
a  serious  extent. 

Before  attempting  to  apply  the  gr^At  fund  of  avail- 
able information  on  distillation  methods  to  the  solution 
of  this  problem,  data  are  necessary  on  three  questions 
relative  to  lubricating  oils: 

(1)  What  is  the  effect  on  the  viscosity  of  lubricating 
oils  of  their  dilution  with  varying  percentages  of 
fuels?  The  allowable  percentage  of  fuel  dilution 
can  be  determined  when  the  permissible  viscosity- 
range  of  the  lubricant  for  the  engine  is  known 

(2)  What  is  the  maximum  temperature  to  which  lubri- 
cating oils  can  be  raised  without  serious  deteriora- 
tion loss  or  danger  when:  (a)  exposed  to  the  air 
and  (6)  exposed  to  their  own  vapor?  No  definite 
answer  can  be  given  to  this  question  at  present 
although,  as  has  been  stated,  it  is  not  probable  that 
serious  cracking  of  properly  refined  lubricants  will 
occur  at  temperatures  lower  than  300  deg.  cent. 
(572  deg.  fahr.).  Oxidation  will  occur  even  at 
lower  temperatures,  but  its  extent  will  depend 
upon  the  exposed  surface,  the  amount  of  air  and 
the  time  of  heating 

(3)  What  are  the  maximum  temperatures  to  which 
oils  must  be  heated  to  remove  the  necessary  pro- 
portion of  the  fuels  which  they  contain?  The 
maximum  temperature  which  it  may  be  necessary 
to  reach  to  remove  a  given  fuel  can  be  judged  from 
the  upper  distillation  temperatures  of  the  fuel,  but 
experiments  described  later  indicate  that  much 
lower  temperatures  than  this  will  suffice 

Effects  of  Fuel  Admixture  on  Viscosity 

A  series  of  experiments  to  determine  the  effect  of  dilu- 
tion by  fuels  on  the  viscosities  of  lubricants  has  been 
carried  out  with  four  oils  of  different  origin,  represen- 
tative of  the  principal  crude  oils  of  the  country  and 
having  viscosities  usually  encountered  in  lubricants  for 
internal-combustion  engines.  These  oils  were  diluted 
with  two  fuels  u*  varying  percentages.  The  fuels  used 
were: 

(1)  An  average  grade  of  fuel  gasoline 

(2)  A  sample  of  commercial  kerosene 

Distillation  curves  of  these  fuels  are  given  in  Fig.  1, 
as  determined  by  the  method  for  distillation  of  gasoline 
developed  by  the  Bureau  of  Mines.  The  viscosity^  of 
each  oil  was  first  determined  undiluted  and  then  when 
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Pia.    2 — Change    in    Viscosity    of    Lubricatinq    Oils    Resulting 
Fbom  Dilution 

diluted  with  different  percentages  by  volume  of  the  two 
fuels. 

The  results  of  this  series  of  experiments  are  given  in 
Figs.  2  and  8.  Fig.  2  shows  the  change  in  viscosity  of 
the  four  different  oils,  expressed  in  Saybolt-seconds, 
resulting  from  their  dilution  with  varying  quantities  up 
to  20  per  cent  by  volume  of  commercial  gasoline  and 
kerosene.  The  results  of  a  few  experiments  with  aviation 
gasoline  are  similar  in  their  general  characteristics  to 
those  of  commercial  gasoline  and  are  omitted  to  avoid 
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confOsion.  The  values  of  the  viscosities  of  the  gasoline 
and  kerosene  used  as  diluents  are  about  29  and  31  Say- 
bolt-seconds,  respectively. 

For  the  same  dilution,  the  decrease  in  viscosity  of  the 
more  viscous  oils  is  much  greater  than  that  of  the  lighter 
ones.  Where  nearly  the  same  viscosity-range  is  permis- 
sible with  a  heavy  and  a  light  oil,  a  higher  percentage  of 
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Fia.  3 — Chanqb  in  Specific  Gravity  of  Lubricating  Oils  Result- 
ing From  Dilution        • 

dilution  would  be  permitted  with  the  lighter  oil.  Fig.  8 
shows  the  change  in  specific  gravity  of  the  same  oib 
when  diluted  with  different  percentages  of  fuel  gasoline 
and  kerosene. 

Data  such  as  those  given  would  show  what  percentage 
of  dilution  could  be  permitted  when  the  viscosities 
required  for  any  given  service  were  known.  The  numeri- 
cal value  of  these  viscosities  and  the  permissible  range 
of  their  variation  must  be  determined  for  individual 
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Fia.    4 — Change    in    the   Viscosity   op   a    Lubricating    Oil-Fubl 
Mixture  Resulting  From  Dilution 

cases.    The  data  given  are,  however,  suggestive  of  what 
can  be  expected  with  existing  oils. 

Separation  by  Distillation 

When  considering  distillation  methods  for  the  removal 
of  the  fuel  from  the  oil  the  simplest  method  is  the  heat- 
ing of  the  liquid  to  be  treated  in  an  open  dish  exposed 
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Fio.   5 — Change  in  the  Viscosity  op  a  Mixture  of  Lubricating 
Oils  and  Fuel  Caused  by  Dilution 
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to  the  air.  It  was  felt  that  data  showing  the  results  of 
the  use  of  this  very  simple  process,  when  applied  to  oil 
diluted  with  fuel,  would  serve  to  indicate  the  degree  of 
refinement  necessary  in  distillation  methods  to  be  used 
for  the  removal  of  the  fuel  from  oil,  and  the  maximum 
temperatures  which  it  would  be  necessary  to  reach.  . 

With  this  in  view,  the  samples  of  the  four  different 
oils  previously  diluted  with  varying  percentages  of  fuels 
were  used.  In  carrying  out  the  experiments  each  sample 
of  oil  was  heated  to  100  deg.  cent.  (212  deg.  fahr.), 
held  at  this  temperature  for  5  min.  and  then  allowed  to 
cool.    Its  viscosity  and  specific  gravity  were  then  meas- 
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Fia.  6 — How  Dilution  Affbctkd  thb  Viscosity  of  a  Mixture  of 
Fuel  and  Lubricating  Oil 

ured.  The  same  sample  was  then  heated  to  150  deg.  cent. 
(302  deg.  fahr.),  held  there  for  5  min.  and  again  allowed 
to  cool.  Its  viscosity  and  specific  gravity  were  again 
measured.  Finally  this  operation  was  repeated  with  the 
same  sample  held  at  a  temperature  of  200  deg.  cent. 
(392  deg.  fahr.)  for  5  min.  Figs.  4  to  11  show  the 
results  of  these  experiments.  In  Figs.  4  to  7  the  change 
in  viscosity  of  the  oil-fuel  mixtures  after  heating  suc- 
cessively to  100  deg.  cent.  (212  deg.  fahr.),  150  deg. 
cent.  (302  deg.  fahr.),  and  200  deg.  cent.  (392  deg. 
fahr.),  is  given. 

After  heating  to  150  deg.  cent.  (302  deg.  fahr.),  the 
oils  diluted  with  commercial  gasoline  were  restored  to 
what  would  seem  to  be  a  safe  viscosity,  considering  the 
original  value  for  the  oil.     The  results  with  aviation 
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Fio.  7 — Another  Example  of  How  Diluting  a  Lubricating  Oil 
WITH  Kerosene  and  Gasoline  Changed  the  Viscojity  op  the  Oil 

gasoline  which  are  not  shown  on  the  curves  are  very 
similar.  Practically  all  the  gasoline  had  been  removed 
at  150  deg.  cent.  (302  deg.  fahr.),  and  the  greater  pro- 
portion at  100  deg.  cent.  (212  deg.  fahr.).  With  kero- 
sene the  results  are  not  so  encouraging.  In  the  attempt 
to  remove  the  kerosene,  heating  to  100  deg.  cent.  (212 
deg.  fahr.)  had  practically  no  effect  in  the  case  of  the 
two  lighter  oils  and  with  the  heavier  oils  much  less  effect 
than  the  heating  to  150  deg.  cent.  (302  deg.  fahr.). 
An  examination  of  the  distillation  curves  of  the  fuels 
will  assist  in  explaining  this  result  by  showing  the  effect 
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Pio.   8 — Change   in  the  Specific  Gravity  of  a   Lubricating  Oil 
FoLLOWiNQ  Its  Dilution  with  Varying  Percentages  of  Fuel 
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of  the  volatility  of  a  fuel  on  the  temperature  to  which 
its  mixtures  with  oil  must  be  heated  to  effect  its  removal. 
When  heated  to  100  deg.  cent.  (212  deg.  fahr.)  in 
the  presence  of  its  own  vapor,  about  20  per  cent  of  com- 
mercial gasoline  will  evaporate ;  when  heated  to  150  deg. 
cent.  (302  deg.  fahr.),  about  67  per  cent  evaporates. 
When  other  vapors  are  present,  as  is  the  case  in  the 
simple  distillation  used  to  remove  the  fuels  from  the  oil, 
the  partial  pressure  of  the  fuel  is  lowered,  by  its  dilution 
in  the  air  and  at  the  same  temperature  a  greater  volume 
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CBNTAQB8      OF      GASOLINE      AND      KBROSBNIS     AFFECTED      ITS      SPECIFIC 

Gravity 

of  the  fuel  will  evap^>rate  than  when  its  vapor  pressure  is 
higher.  The  same  explanation  will  show  why  little,  if 
any,  of  the  kerosene  is  removed  when  the  diluted  oil  is 
heated  to  100  deg.  cent.  (212  deg.  fahr.),  and  an  appre- 
ciable amount  at  150  deg.  cent.  (302  deg.  fahr.)  and 
200  deg.  cent.  (392  deg.  fahr.),  although  when  heated 
in  the  presence  of  its  own  vapor  only  20  per  cent  of  the 
kerosene  vaporizes  at  200  deg.  cent.  (392  deg.  fahr.), 
and  but  a  very  small  amount  at  150  deg.  cent.  (302  deg. 
fahr.)  and  100  deg.  cent.  (212  deg.  fahr.). 

The  values  for  the  specific  gravities  of  the  diluted  mix- 
tures are  given  in  Figs.  8  to  11,  to  show  that  specific 
gravity  can  be  used  to  estimate  roughly  the  changes  in 
viscosity  resulting  from  fuel  dilution.    It  should,  however, 
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Caused  by  Dilution  with  Fuel 

be  carefully  borne  in  mind  that,  in  general,  specific  gravi- 
ties and  viscosities  are  not  proportional. 

The    results   of  the   experiments   with   the   simplest 
method  of  distillation  show  that  there  is  no  necessity  for 
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highly  developed  distillation  methods  when  the  present- 
day  commercial  engine-gasoline  or  a  more  volatile  fuel 
is  to  be  removed  from  lubricating  oils,  provided,  of 
course,  that  the  composition  of  the  oil  v^ill  permit  its 
heating  to  150  deg.  cent  (302  deg.  fahr.)  or  200  deg. 
cent.  (392  deg.  fahr.).  There  is,  however,  a  neeii  for 
the  use  of  better  methods  for  the  removal  of  kerosene 
and  similar  less  volatile  fuels  from  the  oils. 

Effects  of  Time  and  Exposed  Area 

With  this  in  view,  several  further  experiments  were 
carried  out  to  indicate  the  possible  improvements  through 
simple  changes  in  the  method  of  distillation.  In  this 
series  the  effect  of  changes  in  the  time  of  heating  and 
in  the  area  of  free  surface  exposed,  on  the  removal  of 
fuels  from  oil  was  studied.  An  engine  oil  of  medium 
viscosity  was  diluted  with  various  percentages  by  volume 
of  the  same  two  fuels  previously  used,  engine  gasoline  and 
kerosene.  A  sample  of  about  100  c.c.  of  the  diluted  oil 
was  heated  in  a  200-c.c.  beaker  to  100  deg.  cent.  (212 
deg.  fahr.),  and  held  at  this  temperature  for  2  min.  It 
was  then  allowed  to  cool  and  its  specific  gravity  was 
measured.  This  procedure  was  then  repeated,  but  for 
different  lengths  of  time ;  for  5  min.  in  the  first  instance 
and  10  min.  in  the  second.  This  series  was  then  repeated 
with  a  fresh  sample  of  oil  at  150  deg.  cent.  (302  deg. 
fahr.),  instead  of  100  deg.  cent.  (212  deg.  fahr.),  and 
again  with  another  sample  of  oil  at  200  deg.  cent.  (392 
deg.  fahr.). 

To  show  the  effect  on  the  removal  of  the  fuel  of  a 
change  in  the  area  of  the  free  surface  of  the  oil,  the 
series  of  operations  just  described  was  repeated  in  an 
evaporating  dish  giving  about  four  times  the  area  of 
exposed  oil-surface.  Another  method  of  increasing  the 
effective  area  of  oil  surface  for  evaporation  would  consist 
in  passing  a  stream  of  air  through  a  comparatively  deep 
layer  of  oil. 

The  results  shown  in  Figs.  12  and  13  are  typical.  In 
these  figures  specific  gravity  is  used  to  indicate  the 
extent  to  which  the  fuel  had  been  removed,  in  the  absence 
of  a  complete  series  of  viscosity  readings  that  could  not 
be  made  in  the  time  available.  The  validity  of  this  use 
of  specific  gravity  as  an  index  of  viscosity  was  checked, 
however,  by  viscosity  measurements. 

The  results  given  in  Fig.  12  are  with  10  per  cent  of 
kerosene  as  a  diluent.    They  show  clearly  that  the  time 
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What  EIxtent  thb  Latter  Has   Been   Removed 

of  heating  and  the  exposed  area  of  oil  surface  have  very 
marked  effects  on  the  removal  of  fuel  from  the  oil.  The 
results  of  the  experiments  made,  using  greater  and 
smaller  dilutions  with  kerosene,  showed  the  same  marked 
increase  in  amount  of  fuel  removed  with  increase  in  sur- 
face exposed.  They  also  showed  that  the  larger  the  fuel 
dilutions,  the  more  pronounced  was  the  effect  of  the  time 
of  heating. 

For  commercial  gasoline,  it  is  shown  in  Fig.  13  that 
for  a  given  percentage  of  fuel  removed  a  lower  tempera- 
ture may  be  used,  provided  that  the  time  of  heating  or 
the  surface  exposed  be  increased.  This  is  an  important 
fact,  not  only  because  of  possible  oxidation  of  the  oil  at 
the  high  temperature,  but  also  because,  after  an  oil  has 
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been  heated  to  150  or  200  deg.  cent.  (302  or  392  deg 
fahr.),  to  remove  the  fuel,  it  must  be  cooled  before  it 
can  be  used.  The  importance  of  the  use  of  the  lowest 
practicable  temperatures  for  restoring  oils  is  therefore 
clear. 

,    Conclusions 

The  possibilities  so  far  shown  by  the  investigation 
would  warrant  efforts  on  the  part  of  automotive  engineers 
toward  the  development  of  devices  for  duplicating  the 
laboratory  results  in  engines,  but  the  data  are  insufficient 
to  indicate  how  far  the  continuous  regeneration  can  be 
carried  in  a  practical  way.  A  few  suggestions  as  to  a 
possible  practical  form  of  this  apparatus,  which  it  is 
hoped  to  develop  in  the  course  of  the  investigation  at  the 
Bureau  of  Standards,  are  given  in  the  appendix. 

As  a  conclusion  from  the  data  at  present  available,  it 
can  be  stated  that  oils  contaminated  with  different  fuels, 
such  as  commercial  gasoline  and  kerosene,  can  be  restored 
entirely  or  at  least  their  viscosity  can  be  greatly  increased 
by  laboratory  methods  that  could  probably  be  incorpo- 
rated in  practical  designs  for  application  to  present  types 
of  engine.  Although  devices  constructed  with  this  in 
view  would  give  immediate  relief,  their  successful  opera- 
tion might  offer  increasing  difficulties  with  a  further 
decline  in  the  volatility  of  commercial  engine  fuels,  which 
is  a  very  likely  condition  in  view  of  the  steadily  rising 
demand. 

For  this  reason  the  ultimate  solution  of  the  problem 
lies,  in  my  opinion,  along  the  line  of  new  departures  in 
engine  design,  preventing  the  accumulation  of  liquid  fuel 
in  the  cylinders  and  the  lubricating  system.  Although  it 
is  difficult  to  foretell  the  line  of  development  which  will 
lead  eventually  to  the  goal,  the  combined  genius  of  hun- 
dreds of  engineers  spurred  by  the  need  of  one  of  our 
greatest  industries  will,  undoubtedly,  find  it  The  Bureau 
of  Standards,  by  undertaking  the  work  in  part  reported 
here  and  by  being  always  in  readiness  to  help  solve  other 
problems  in  cooperation  with  the  industry,  is  only  trying 
to  ''do  its  bit"  in  the  great  struggle  toward  a  more 
efficient  utilization  of  our  natural  resources. 

Appendix 

It  is  obvious  that  if  a  device  for  restoration  of  lubri- 
cating oils  which  is  adaptable  to  engines  now  in  service, 
could  be  put  upon  the  market,  a  decided  saving  in  fuel 
cost  would  result  to  the  users  because  of  the  possibility 
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of  running  on  lower-grade  gasolines  or  even  on  kerosene. 
For  this  reason  a  self-contained  appliance  that  is  easy  to 
install  would  be  preferable. 

The  exhaust  gases  should  be  used  as  the  source  of  heat 
supply  and  led  through  a  pipe  coil  in  a  small  vessel  con- 
taining the  oil  or  preferably,  on  acount  of  ease  of  clean- 
ing, through  a  heating  jacket  surrounding  the  vessel. 
The  vessel  should  be  connected  with  the  lubricating  sys- 
tem and  its  capacity  in  relation  to  the  rate  of  oil  feed 
so  chosen  that  its  contents  will  be  completely  renewed  in 
20  to  30  min.  A  thermostat  of  any  design  now  readily 
obtainable  on  the  market  at  a  low  cost  could  be  used  to 
keep  the  temperature  constant  at  the  desired  degree.  In 
the  case  of  force-feed  lubricating  systems,  an  adjustable 
by-pass  could  take  care  of  the  oil  feed  and,  by  allowing 
the  thermostat  to  regulate  both  this  and  the  heating 
valve,  the  operation  of  the  device  could  be  rendered  prac- 
tically automatic.  A  small  pipe,  connecting  the  vapor 
space  of  the  oil  container  with  the  intake  manifold,  would 
prevent  wasting  the  recovered  fuel,  and  a  discharge  pipe 
provided  with  cooling  fins  would  prevent  the  return  to 
the  crankcase  of  unduly  hot  oil.  Where  there  is  no  oil- 
pump  in  the  lubricating  system,  one  actuated  by  manifold 
suction,  such  as  is  now  used  on  some  motor  cars  for  the 
gasoline  supply,  could  be  made  a  part  of  the  appliance. 

In  newly  designed  engines  a  pipe  coil  heated  by  the 
exhaust  gases  and  immersed  in  the  oil-sump,  coupled  with 
artificial  ventilation  of  the  crankcase,  might  prove  an 
easy  and  inexpensive  way  of  retarding  undue  dilution  of 
the  oil.  In  cases  where  it  is  desired  to  draw  air  through 
the  oil  while  it  is  being  heated,  the  vacuum  in  the  suction 
manifold  could  again  be  usefully  employed.  This  method 
should  be  used  cautiously,  however,  as  contact  with  air  at 
high  temperatures  such  as  800  deg.  fahr.  and  over,  is 
likely  to  cause  premature  deterioration  of  the  oil. 

The  saving  effected  with  engines  requiring  a  frequent 
renewal  of  the  oil  on  account  of  excessive  dilution,  would 
soon  pay  for  the  cost  of  the  additional  equipment,  even 
at  the  present  high  price  of  lubricants. 

THE    DISCUSSION 

Neil  MacCoull: — The  dilution  of  lubricating  oil  is 
such  a  common  complaint  with  kerosene-burning  engines 
and  even  with  engines  burning  the  present-day  commer- 
cial gasoline,  that  it  is  a  subject  worthy  of  thorough 
study.     I  am  particularly  glad  to  hear  Mr.  Kramer's 
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refutation  of  the  false  impression  entertained  by  some, 
that  the  thinning  of  oil'  in  service  is  caused  principally 
by  cracking  rather  than  by  dilution  with  fuel. 

It  is  natural  that  lubrication  engineers  should  be 
among  those  most  interested  in  an  investigation  of  the 
causes  and  effects  of  dilution,  and  accordingly  the  com- 
pany with  which  I  am  connected  has  been  conducting 
somewhat  similar  research,  although  the  study  was 
made  from  a  slightly  different  angle.  Our  experiments 
are  divided  into  three  different  classifications 

(1)  The  physical  changes  which  take  place  when  a 
lubricating  oil  is  mixed  with  various  quantities 
of  fuel 

(2)  The  effect  of  these  changes  upon  the  performance 
of  an  engine 

(3)  The  rate  at  which  these  changes  occur  on  the  road 

We  find  it  particularly  convenient  to  plot  curves  such 
as  Fig.  14,  showing  the  relation  between  gravity  and 
viscosity  for  mixtures  of  fuel  with  each  oil  in  which  we 
are  interested.  With  such  data  it  is  a  simple  matter  to 
determine  accurately  the  extent  to  which  the  viscosity 
of  an  oil  has  fallen,  simply  by  the  use  of  an  hydrometer. 
A  point  of  considerable  interest  is  that  such  curves  made 
for  gasoline  or  kerosene  mixtures  are  so  nearly  coinci- 
dent that  they  can  be  considered  identical  for  all  prac- 
tical purposes.  On  the  same  sheet  we  have  another  curve 
showing  the  relation  between  gravity  and  the  percentage 
of  kerosene,  so  that  a  determination  of  the  equivalent 
kerosene  content  can  also  be  made  by  the  hydrometer. 
One  would  naturally  expect  that  the  curve  between  kero- 
sene content  and  gravity  would  be  a  straight  line,  but  it 
is  slightly  curved.  These  curves  are  more  practical  for 
determining  kerosene  content  than  distillation  methods, 
because  any  separation  by  a  single  distillation  cannot  be 
complete.  A  little  of  the  oil  goes  over  with  the  fuel, 
while  a  little  of  the  fuel  remains  with  the  oil.  It  is 
not  at  all  unusual  for  the  final  boiling  point  of  the  fuel 
to  be  higher  than  the  initial  boiling  point  of  the  oiL 

In  order  to  determine  how  serious  the  effect  of  dilution 
is  upon  engine  performance,  a  dynamometer  test  was 
made  on  a  No.  7-R  Continental  engine  that  had  been  run 
about  300  hr.  on  various  tests  and  was  in  excellent 
condition.  The  oil  used  was  Texaco  Medium  of  300-sec. 
Saybolt  viscosity  at  100  deg.  fahr,,  and  the  various  per- 
centages of  dilution  were  made  by  mixing  kerosene  with 
the  oil.    Strange  as  it  may  seem,  the  power  increased  and 
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the  fuel  consumption  decreased  as  more  and  more  kero- 
sene was  added,  up  to  about  40  per  cent,  when  the  vis- 
cosity of  the  mixture  was  only  52-sec.  Saybolt  at  100  deg. 
f ahr.  With  this  mixture  the  power  and  fuel  consumption 
were  about  5  per  cent  better,  at  2000  and  at  800  r.p.m., 
although  the  oil  pressure  had  dropped  from  15  to  10  lb. 
One  must  be  cautious,  however,  about  drawing  conclu- 
sions from  this  test  until  the  results  are  compared  with 


1\     n      U      U     15      lb     r\     U      29     30      31 
Cw*oivif  V  -  Bdume 

Fig     14— Relation    Bbtwkbn    the    Viscosity    and    thb    Spbcific 
Gravity  of  a  Mixture  op  Lubricating  Oil  and  Fuel 

tests  on  other  engines.  Also  it  is  not  at  all  certain  that 
a  straight-run  oil  of  52-sec.  Saybolt  will  act  the  same 
as  the  oil  of  300-sec.  Saybolt  viscosity  diluted  to  52-sec. 
Saybolt. 

Tests  were  made  also  on  the  road  with  a  commercial 
vehicle,  covering  the  same  route  with  the  same  driver 
and  approximately  the  same  load  every  day.  Conditions 
for  a  good  road  test  could  hardly  have  been  more  ideal. 
These  tests  and  repeated  checks  showed  results  which  at 
first  glance  are  paradoxical.    As  shown  by  Fig.  15,  the 
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increase  of  kerosene  found  in  the  oil  each  successive  day 
was  less  and  less  until  finally  it  became  negligible.  The 
first  day,  after  about  100  miles,  so  much  kerosene  found 
its  way  into  the  oil  that  there  was  apparently  more  oil 
in  the  crankcase  after  running  than  before  starting.  The 
reason  for  this  was  that  the  quantity  of  oil  burned  was 
less  than  the  amount  of  kerosene  which  found  its  way 
into  the  oil.  The  second  day  showed  a  small  consump- 
tion, which  increased  each  day  until  it  remained  nearly 
constant  at  the  time  the  kerosene  content  ceased  to  in- 
crease. The  results  indicate  that  there  is  probably  an 
evaporation  phenonemon  occurring  in  the  crankcase,  the 
quantity  of  fuel  evaporating  increasing  with  the  percent- 
age present  in  the  oil,  until  the  rate  of  evaporation  is 
equal  to  the  rate  of  kerosene  influx,  after  which  no  in- 
crease in  the  kerosene  content  will  occur. 

To  check  this  theory  of  evaporation  a  carefully  regu- 
lated stream  of  air  was  bubbled  through  a  mixture  of 
20  per  cent  kerosene  and  80  per  cent  Texaco  heavy  motor 
oil,  with  temperature  held  constant  at  150  deg.  fahr., 
representing  the  maximum  temperature  of  the  oil  meas- 
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Fio.   16 — Ratb  of  Evaporation  of  Kerosene  from  a  Mixture  of 
Lubricating  Oil  and  Kerosene  at  Different  Temperatures 

ured  during  the  road  tests.  The  results  are  shown  in 
Fig.  16,  together  with  a  similar  test  run  at  200  deg.  fahr. 
After  8  hr.,  it  will  be  noted  over  40  per  cent  of  the 
kerosene  was  evaporated  even  at  this  low  temperature, 
which  was  about  200  deg.  fahr.  below  the  initial  distill- 
ing temperature  of  the  kerosene. 

It  is  clear  that  the  phenomena  of  oil  dilution  are  not 
at  all  what  they  are  usually  assumed  to  be  and  further 
experimentation  is  much  needed,  to  determine  not  only 
the  effects  of  dilution  but  also  the  laws  covering  the  rate 
of  influx  of  fuel  into  the  oil  and  their  relation  to  features 
of  design. 

D.  G.  Roos : — ^I  can  bear  out  the  statements  in  regard 
to  the  amount  of  dilution  of  the  crankcase  oil  reaching 
a  constant  value.  We  have  been  making  a  series  of  ex- 
periments, operating  trucks  on  kerosene,  and  we  found 
that  the  same  phenomenon  occurred.  We  also  found  that 
plenty  of  breather  capacity  seemed  to  help  it.  It  has  also 
been  demonstrated  that  an  oil-pan  which  is  exposed  in 
cold  weather  to  ice-cold  air  flowing  under  the  car  has  a 
tendency  to  make  matters  worse,  and  if  a  protecting  pan 
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is  put  under  it,  so  that  it  can  be  kept  warm,  the  condi- 
tions are  better. 

J.  H.  HUNT: — I  have  carried  out  a  good  many  experi- 
ments along  the  same  general  line.  Some  of  the  data  of 
these  experiments  have  been  published.'  I  am  convinced 
that  the  problem  will  be  completely  solved  when  we  start 
with  the  engine  sufficiently  heated,  in  conjunction  with  a 
properly-heated  distribution  system,  so  that  we  can  start 
the  engine  and  operate  it  after  starting  with  normal 
adjustment  of  the  carbureter.  After  considering  all  of 
the  devices  which  have  been  proposed  for  taking  care  of 
crankcase  dilution,  I  think  that  the  problem  is  better 
handled  with  something  to  take  care  of  the  starting  and 
initial  running,  thus  preventing  the  dilution  from  oc- 
curring, than  by  adding  a  device  of  the  type  under  dis- 
cussion. Some  experiments  have  shown  that  the  situa- 
tion can  be  handled  in  the  way  that  Mr.  Kramer  has  sug- 
gested. The  best  results,  in  my  opinion,  will  be  obtained 
by  less  equipment,  by  putting  on  some  device  which  will 
enable  us  to  start  without  any  choking  whatever  and 
then  operate  smoothly  right  from  the  start,  regardless  of 
the  temperature  of  the  engine.  The  above  statements 
apply  to  the  fuels  now  used  in  automobile  engines.  With 
fuels  as  heavy  as  kerosene,  conditions  might  be  different. 

H.  W.  SLAUSON:— The  problem  of  oil  dilution  is  a 
serious  one,  especially  as  it  affects  the  ordinary  user. 
He  is  warned  by  the  manufacturer  to  drain  the  crankcase 
every  500,  800  or  1000  miles.  Very  few  of  us  do  it.  The 
cost  involved  is  not  great,  but  each  car  owner  feels  that 
the  3  to  4  quarts  and  sometimes  5  to  6  quarts  of  oil  that 
he  is  directed  to  throw  away  ought  to  be  perfectly  good. 
Until  we  can  operate  our  cars  so  that  there  will  not  be 
this  crankcase  dilution,  is  there  a  possibility  of  reclaim- 
ing this  oil  commercially? 

H.  C.  Gibson: — Mr.  Kramer  has  painstakingly  shown 
us  which  features  of  the  dilution  difficulty  are  of  real 
importance.  It  is  regrettable  that  we  cannot  yet  know 
the  final  determination  resulting  from  the  use  of  the 
various  projected  apparatus  referred  to.  Spontaneous 
decomposition  of  the  oil  film  on  cylinder  walls  and  of 
pools  on  pistons  is  expected  because  of  the  temperature 
and  pressure  of  combustion,  but  in  ordinary  methods  to 
crack  oil  in  appreciable  quantity  requires  exposure  for 
considerable  time,  far  longer  than  the  time  of  two  strokes 
of  a  piston.    The  results  of  a  test  where  the  actual  oc- 
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currences  of  normal  operation  of  an  engine  are  repro- 
duced will  be  most  instructive,  if  only  to  eliminate  a 
disturbing  thought  from  our  minds.  I  do  think  that 
immediate  relief  in  preventing  oil  dilution  is  not  un- 
attainable, or  solely  dependent  upon  the  development  of 
new  engines.  Almost  all  engines  now  in  use  can  be  satis- 
factorily fitted  with  means  for  evaporating  the  fuel  prior 
to  entry  to  the  cylinder.  It  is  done;  in  fact,  in  some 
tests  where  the  fuel  was  kerosene,  the  oil  viscosity  in- 
creased consistently  just  as  in  the  case  of  the  aviation 
engine  referred  to  in  the  paper.  Even  if  fuel-mixture 
heating  devices  prevent  dilution  when  they  are  hot  and 
performing  their  work  properly,  there  will  always  be 
some  dilution  resulting  from  starting  operations  in  the 
less-expensive  cars.  Any  dilution  is  undesirable  and  tho 
well  conceived  and  well-worked-out  devices  described  in 
the  appendix  to  Mr.  Kramer's  paper  will  be  a  boon  to  the 
industry  and,  when  allied  with  properly-designed  mix- 
ture heaters,  form  a  combination  well  able  to  solve  the 
difficulties  of  dilution. 

Prop.  0.  C.  Berry: — The  kerosene-burning  tractors 
have  had  a  great  deal  of  trouble  with  lubrication,  due  to 
kerosene  diluting  the  lubricating  oil.  In  this  connection 
a  series  of  tests  conducted  by  the  Purdue  Engineering 
Experiment  Station  will  be  of  interest.  These  tests 
showed  that  the  surf  ace  of  a  steel  plate  had  to  be  held  at 
a  temperature  of  about  625  deg.  f ahr.  in  order  to  be  most 
effective  in  vaporizing  kerosene,  and  that  the  rate  of 
vaporization  decreased  very  rapidly  as  the  temperature 
was  lowered.  If  the  rate  of  vaporization  at  625  deg. 
fahr.  be  represented  by  100  per  cent,  then  at  500  deg. 
fahr.  it  will  be  about  20  per  cent,  and  at  450  deg.  fahr. 
about  6  per  cent. 

To  show  the  bearing  of  this  information  upon  the  de- 
sign of  the  hot-spot  intake  manifold,  an  engine  was  oper- 
ated with  all  of  the  intake  air  impinging  on  one  side  of 
a  steel  plate  and  all  of  the  exhaust  gases  on  the  other. 
The  speed  and  load  of  the  engine  were  changed  from 
maximum  to  minimum  conditions,  but  the  temperature 
of  the  plate  remained  nearly  constant  at  about  325  deg. 
fahr.  I  am  convinced  that  the  temperature  is  too  low 
in  the  metal  in  nearly  all  of  the  hot-spots  now  used  for 
carbureting  kerosene. 

To  my  mind  the  most  satisfactory  design  of  a  hot- 
spot  is  the  one  that  will  allow  the  liquid  portions  of  the 
fuel  to  come  in  contact  with  the  manifold,  but  will  keep 
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most  of  the  air  away  from  it.  This  will  prevent  the  mix- 
ture from  becoming  so  hot  and  the  metal  in  the  hot-spot 
will  not  be  cooled  down  so  much  that  it  will  take  on 
more  nearly  the  temperature  of  the  exhaust  gases.  The 
latter  will  vary  from  about  500  to  1200  or  1400  deg. 
fahr.,  but  will  never  be  hot  enough  to  ignite  the  gases  in 
the  intake  manifold. 

R.  W.  A.  BBEWER: — The  remarks  of  Professor  Berry 
relative  to  means  of  preventing  fuel  from  mixing  with 
lubricating  oil  are  liable  to  lead  one  astray  because  he 
has  evidently  in  mind  a  matter  of  normal  impingement 
of  vapor  on  one  side  of  a  flat  plate  and  heated  gases  on 
the  other  side  of  a  flat  plate.  There  are  many  other 
ways  of  bringing  these  two  influences  together.  Lines 
of  work  that  are  being  followed  do  not  employ  this  sys- 
tem of  impingement  at  all;  so  that  the  arguments  of 
Professor  Berry  do  not  hold.  It  is  possible  by  keeping 
the  air  insulated  from  the  heated  walls  to  treat  only  the 
liquid  particles;  to  treat  them  not  by  normal  impinge- 
ment but  by  other  means  which  are  effective  in  prevent- 
ing the  liquid  from  entering  into  the  crankcase. 

A  Member: — How  does  Professor  Berry  arrive  at  the 
figure  he  mentioned  for  the  vaporization  of  kerosene? 

PROFESSOR  BERRY: — The  tests  were  carried  out  in  this 
way:  A  steel  plate  ^^  x  4  x  10  in.  was  placed  over  an 
electric  heating  element  and  so  arranged  that  its  tem- 
perature could  be  controlled  accurately.  A  depression 
was  milled  in  the  top  of  the  plate  to  receive  the  fuel  and 
holes  were  drilled  in  the  plate  close  to  the  depression,  to 
measure  the  temperature  of  the  metal  in  contact  with 
the  fuel.  The  fuel  was  siphoned  out  of  a  small  glass 
beaker  on  one  pan  of  a  set  of  chemist's  balances,  and 
allowed  to  flow  into  the  fuel  well  on  the  hot  plate.  The 
rate  of  flow  was  adjusted  until  the  amount  of  fuel  left 
in  the  well  remained  constant.  The  time  required  to 
vaporize  a  known  weight  of  the  fuel  was  then  recorded, 
together  with  the  corresponding  temperature  of  the 
steel  plate.  Since  the  wetted  area  in  the  fuel-well  was 
known,  the  rate  of  vaporization  per  square  inch  of  hot 
surface  could  be  determined  for  the  various  metal  tem- 
peratures. 

Mr.  MacCoull: — I  believe  there  is  much  confusion 
between  evaporation  and  boiling.  Kerosene,  if  it  is  heated 
in  the  presence  of  air  or  any  other  gas,  can  be  evapo- 
rated at  a  lower  temperature  than  that  at  which  it  will 
boil.     That  is  what  I  had  in  mind  in  my  previous  dis- 
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cussion,  when  I  referred  to  an  experiment  where  a  large 
percentage  of  kerosene  was  evaporated  at  a  temperature 
about  200  deg.  fahr.  below  its  boiling  point. 

Sydney  Bevin: — I  believe  that  this  paper  is  an  ex- 
cellent start  along  proper  lines,  but  that  it  has  not  gone 
far  enough.  Anyone  familiar  with  lubricating  oils  and 
gasoline  will  realize  that  dilution  curves  of  lubricating 
oils  with  gasoline  and  kerosene  can  be  drawn  fairly  accu- 
rately without  experiment  with  the  actual  mixtures  to 
determine  their  viscosities.  Knowing  the  viscosities  of 
the  oils  under  test  and  the  fuels  under  test,  it  is  possible 
without  any  experiment  whatever  to  demonstrate  that 
"a  higher  percentage  of  dilution  would  be  permitted  with 
the  lighter  oil."  The  conclusions  reached  seem  to  indi- 
cate that  gasoline  evaporates  from  crankcase  lubricants 
as  fast  as  it  reaches  them,  in  an  engine  equipped  with  a 
proper  breather.  My  belief  is  that  the  problem  is  one 
of  eliminating  the  kerosene  or  equally  heavy  fuel  from 
the  crankcase  oil,  as  that  portion  of  the  gasoline  which 
finds  its  way  past  the  pistons  is  the  heaviest  fraction 
of  the  fuel.  The  other  fractions  will  have  split  off  to 
bum  in  the  cylinder.  It  would  seem  that  a  device  for 
the  continuous  restoration  of  lubricating  oils  would  have 
to  be  constructed  with  much  care  and  with  an  eye  to  the 
filtering-out  of  the  oil  entering  this  restoring  device  and 
the  precipitation  of  free  carbon  from  the  lubricant.  I 
think  that  it  would  be  simpler  to  have  apparatus  installed 
in  every  garage  to  rectify  the  engine  oil,  drawing  it  off 
periodically. 

G.  A.  IQtAMEB: — It  should  be  understood  that  when 
evaporation  is  mentioned  in  the  paper,  evaporation  is 
meant  and  not  boiling;  it  is  like  some  wet  substance 
drying  in  air  which  does  not  require  heating  to  the  boil- 
ing point  of  water  when  exposed  to  an  air  current;  it 
will  dry  at  much  lower  temperatures. 

As  to  the  possibility  of  recovering  used  oils,  if  by 
recovery  of  used  oils  is  meant  only  the  expelling  of  the 
fuel  present  in  it,  that  is  very  simple  and  can  be  per- 
formed by  any  distilling  process.  A  small  still  could 
probably  be  used.  By  raising  the  temperature  of  the  oil 
to  a  high  enough  degree  to  evaporate  the  largest  propor- 
tion of  kerosene,  which  would  be  somewhere  near  550 
to  600  deg.  fahr.,  the  oil  could  be  recovered.  If  it  is  a 
question  of  recovering  oils  which  are  deteriorated  in 
other  ways,  that  requires  more  complicated  apparatus 
which  probably  would  be  too  costly  and  not  easy  to  in- 
stall in  every  garage. 
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THE  MEASUREMENT  OF  VEHICLE 
VIBRATIONS 

By  Dr  Benjamin  Liebowitz^ 

The  five  fundamental  criteria  of  the  performance  of 
a  motor  vehicle  as  a  whole  are  stated.  Riding  comfort 
is  investigated  at  length  with  a  view  to  determining 
methods  of  measurement  of  the  two  classes  of  vehicle 
vibrations  that  affect  the  riding  qualities  of  a  car^  so 
that  suitable  springs  can  be  designed  to  overcome  them. 
The  underlying  principles  of  the  seismograph  are  util- 
ized in  designing  a  specialized  form  of  this  instrument 
for  measuring  vehicle  vibrations,  the  general  design 
considerations  are  stated  and  a  detailed  description  is 
given.  This  is  followed  by  an  explanation  of  the 
methods  used  in  analyzing  the  curves  obtained,  thus 
making  possible  a  standardized  measurement  of  riding 
comfort.  The  factors  determining  riding  comfort  are 
then  analyzed  in  connection  with  spring-development 
work,  the  most  important  are  summarized  and  the  pre- 
liminary experimental  results  of  those  directly  deter- 
mined by  the  seismograph  are  outlined.  The  forced 
and  the  free  oscillations  of  a  vehicle  body  are  mathe- 
matically analyzed  in  Appendix  I.  Two  theorems  are 
developed  in  Appendix  II;  one  for  stiffness  and  the 
other  for  static  deflection  of  lever-suspension  springs. 


T 


HE  performance  of  a  motor  vehicle  as  a  whole  ia 
determined  by  five  fundamental  criteria,'  as 
follows: 


(1)  Range  of  operating  speed 

(2)  Acceleration 

(3)  Hill-climbing  ability 

(4)  Fuel  economy 

(5)  Riding  comfort 

Methods  of  measurement  have  been  thoroughly  worked 
out  for  the  first  four  of  these,  but  the  fifth  has  hitherto 
been  left  to  shift  for  itself. 
There  are  in  general  two  classes  of  vibrations  that 


*  Chief  en^neer,  Mozildyne  Vehicle  Suspension  Co.,  New  York  City. 
3  Methods  of  Comparing  Automobile  Performance   by  Walter  T. 
Fishleigh,  S.  A.  E.  Transactionb,  vol.  12,  part  1,  p.  259. 
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affect  the  riding  qualities  of  a  car:  (a)  those  originating 
from  the  road  and  (&)  those  originating  in  the  chassis 
itself,  such  as  engine  vibrations.  Each  of  these  may  be 
resolved  into  vertical,  longitudinal  and  transverse  com- 
ponents. From  the  standpoint  of  riding  comfort  the 
most  important  are  the  vertical  vibrations,  due  to  the 
road,  and  this  paper  deals  with  these. 

The  usual  method  of  testing  the  rMing  qualities  of  a 
car  is  to  ride  in  it  and  find  out  how  it  feels.  But  unfortu- 
nately this  depends  largely  upon  how  the  rider  feels. 
Furthermore,  in  such  tests  there  is  always  occasion  for 
a  difference  of  opinion.  The  main  difficulties  lie  in  first 
trying  to  estimate  the  degree  of  discomfort  and  then  try- 
ing to  remember  it. 

Engineers  have  long  recognized  the  complete  unreli- 
ability of  the  "feel"  test,  and  some  efforts  have  been 
made  to  work  out  better  methods.  Thus  a  water  barrel 
or  similar  device  has  been  used  and  the  unit  of  measure- 
ment was  then  the  amount  of  water  left  in  the  barrel 
after  a  test  run.  But  large  slow  swings  of  the  car  body 
can  obviously  have  more  effect  in  this  method  than  a 
series  of  short  sharp  shocks  that  would  be  more  disagree- 
able to  the  passenger. 

Attempts  have  also  been  made  to  use  a  spring-supported 
weight,  but  as  will  presently  appear  these  instruments 
fell  far  short  of  meeting  the  requirements  and  gave  a 
resultant  curve  in  which  the  vehicle-body  vibrations  and 
those  of  the  weight  were  hopelessly  intermingled. 

Photographic  methods  have  been  used  both  in  the  labo- 
ratory and  on  the  road,  but  they  are  very  laborious,  slow 
and  expensive;  furthermore,  owing  to  the  thickness  of 
the  line  on  the  plate  and  the  necessarily  large  photo- 
graphic reduction,  only  the  large  motions  of  the  body 
can  be  successfully  examined. 

No  determined  effort  appears  to  have  been  made  here- 
tofore to  produce  an  instrument  that  could  be  set  in  the 
car  and  driven  over  an  ordinary  road,  and  which  would 
accurately  record  the  full-size  vertical  motions  of  the 
vehicle  body.  To  meet  this  situation,  particularly  in  con- 
nection with  my  own  work  on  spring  suspensions,  I  have 
developed  a  seismograph  which  traces  the  time-displace- 
ment curve  of  a  point  in  the  vehicle  body.  From  this 
curve  the  vertical  velocities,  accelerations,  amplitudes, 
periods  and  damping,  in  short,  all  the  most  important 
physical  factors  that  determine  riding  comfort,  can  be 
accurately  measured. 
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Pig.  1 — A  Vertical- Component  Seismograph 

Underlying  Principles  of  Seismograph  Design 

*  The  problem  of  designing  a  seismograph  for  vehicle 
vibrations  is  fundamentally  the  same  as.  that  for  earth 
movements,  namely,  to  provide  a  point  that  shall  remain 
substantially  at  rest  while  things  about  it  niove.  From 
a  practical  standpoint,  however,  the  two  problems  are 
quite  different.  To  clarify  the  principles  of  the  vehicle 
seismograph,  the  means  used  by  seismologists  for  record- 
ing vertical  vibrations  may  be  briefly  described.  A 
vertical-component  seismograph  consists  simply  of  a 
mass,  or  "inertia  element,"  hung  from  a  long  helical 
spring  and  connected  by  amplifying  levers  to  a  marker, 
which  traces  the  relative  motion  between  the  weight  and 
the  earth  on  a  slowly  rotating  smoked  drum.  The  mass 
is  allowed  to  move  as  it  will  in  a  horizontal  plane;  but 
since  the  motions  are  small,  there  is  no  difficulty  in  mak- 
ing the  connections  so  that  only  the  vertical  vibrations 
affect  the  marker.    (See  Fig.  1) 

The  basic  theory  is  this :  If  the  suspended  weight  has 
a  sufficiently  long  period  of  vertical  oscillation,  the  frame 
of  the  instrument,  including  the  point  of  support  of  the 
weight,  will  partake  of  the  vertical  vibration  which  the 
surroundings  are  undergoing  without  imparting  any 
appreciable  movement  to  the  weight  itself.     In  other 
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words  the  weight  or  inertia  element  provides  a  "dead- 
point,"  relative  to  which  the  vibrations  of  the  instrument, 
and  hence  those  of  the  surroundings,  can  be  recorded. 
Of  course,  the  inertia  element  cannot  be  maintained 
absolutely  at  rest  under  the  disturbances  due  to  the 
motion  of  its  point  of  support.  The  question  therefore 
arises :  How  long  must  the  period  of  the  inertia  element 
be  in  order  that  its  motions  shall  be  negligibly  small? 

The  mathematical  investigation  of  this  problem  is 
given  in  Appendix  I.  The  net  results  may  be  stated  thus : 
The  period  of  the  inertia  element  must  be  long  in  com- 
parison with  the  longest  period  of  oscillation  that  it  is 
desired  to  record.  In  the  appendix  it  is  shown  that  if 
the  period  of  the  weight  is  five  times  the  longest  period 
of  oscillation  to  be  recorded,  the  error  introduced  is  1  in 
25  or  4  per  cent.  This  is  entirely  satisfactory  for  all 
practical  purposes.  In  the  appendix  it  is  also  shown 
that  the  inertia  element  wiU  undergo  a  free  osciUation 
whose  amplitude  is  one-fifth  of  the  amplitude  of  oscilla- 
tion of  the  vehicle  body,  if  the  ratio  of  periods  is  1  to  5, 
as  before.  This  free  oscillation  is  of  no  inconvenience 
whatever,  as  shown  in  the  appendix,  because  it  amounts 
to  nothing  more  than  a  slowly-wandering  zero. 

The  longest  free  period  we  meet  with  in  automobiles 
can  reach  0.7  sec.  or  more;  hence,  from  the  foregoing 
considerations,  a  seismograph  for  motor  vehicles  should 
have  a  free  period  of  3.5  sec.  or  longer.  The  static  deflec- 
tion which  corresponds  to  a  3.5-sec.  period  is  computed 
from  the  well-known  period  formula: 
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Pia.  2 — An  Elbmbntary  Form  of  Lever  Suspension 
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Period  =  2ir  J^  =  2ir  Jl  ,  where 

M  is  the  mass  of  the  inertia  element 
K  is  the  stiffness  of  the  spring,  and 
9  is  the  static  deflection 

It  develops  that  to  provide  a  3.5-sec.  period,  a  static 
deflection  of  120  in.  is  required.  In  other  words,  if  this 
seismograph  were  built  like  the  designs  of  the  earth 
instruments  (Fig.  1),  we  would  have  a  structure  about 
14  ft.  high.  The  practical  problem  is  therefore  to  pro- 
vide a  large  deflection  within  a  small  spitce. 

A  simple  lever  offers  a  satisfactory  solution.  The 
lever  suspension  consists  of  a  pivoted  rod  (Fig.  2) 
whose  arms  are  a  and  h  inches  long.  A  spring  is  fast- 
ened at  one  end  and  a  load  /  is  applied  at  the  other. 
In  Appendix  II  the  following  two  theorems  are  derived: 

(1)  The  lever  suspension  acts  like  a  simple  spring 
whose  stiffness  is  equal  to  the  stiffness  of  the 
actual  spring  divided  by  the  square  of  the  lever- 
arm  ratio 

(2)  The  lever  suspension  acts  like  a  simple  spring 
whose  static  deflection  is  equal  to  the  static  de- 
flection of  the  actual  spring  multiplied  by  the 

*  lever-arm  ratio 

In  other  words,  the  lever  suspension  multiplies  the 
static  deflection  of  its  spring  by  the  lever-arm  ratio. 

To  use  a  practical  example,  suppose  the  lever-arm  ratio 
is  20  to  1  and  suppose  that,  when  the  lever  is  horizontal, 
the  coil  spring  is  stretched  6  in. ;  then  the  lever  suspen- 
sion will  act  like  a  simple  spring  whose  static  deflection 
is  6  times  20  =  120  in. 

The  lever  suspension  is  a  very  old  device,  but  its  prin- 
cipal advantage  of  furnishing  a  large  deflection  in  a  small 
space  does  not  appear  to  have  been  fully  realized,  and, 
as  far  as  I  know,  this  feature  has  not  received  recogni- 
tion in  seismograph  design.  This  form  of  suspension 
was  tried  out  some  time  ago  as  a  vehicle  spring,  but 
although  it  offers  interesting  design  possibilities,  its 
main  advantage  cannot  be  utilized  in  this  application. 
For  the  static  deflection  is  limited,  not  by  what  the 
spring-makers  can  furnish,  but  by  the  clearance  which 
the  chassis-designer  provides.     We  cannot  use  a  7-in. 
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deflection  with  a  8.5-in.  clearance  and  have  a  car  that 

will  perform  satisfactorily  on  rough  roads,  unless  the 

spring  has  a  rising  characteristic,  that  is  increasing 
stiffness  with  increasing  deflection. 

General  Design  Considerations 

Having  found  what  period  is  necessary  for  a  practical 
vehicle  seismograph  and  how  to  obtain  that  period  in  a 
practical  manner,  the  remaining  design  factors  to  be 
considered  are  the  range  of  movement,  the  weight  of 
the  inertia  element,  friction  and  the  manner  of  sus- 
pension. 

When  the  going  is  fairly  rough,  the  movement  of  an 
automobile  body  at  a  point  over  the  rear  axle,  either 
up  or  down  from  the  neutral  position,  will  frequently 
reach  3  in.  or  more.  To  care  for  such  movements,  plus 
the  slightly-wandering  zero,  a  range  of  movement  of 
about  10  in.  should  be  provided  in  the  seismograph.  A 
larger  range  would  seldom  be  made  use  of  and  would  add 
considerably  to  the  weight  and  bulk  of  the  instrument. 

The  weight  of  the  inertia  element  is  determined  by 
frictional  considerations.  Suppose  the  friction  was  con- 
stant and  that  its  total  value,  measured  at  the  inertia 
element,  was  1  per  cent  of  the  weight  of  the  inertia  ele- 
ment. Then  the  acceleration  necessary  to  overcome  this 
friction  would  be  1  per  cent  of  the  acceleration  due  to 
gravity,  0.32  ft.  per  sec.  per  sec.  The  instrument  would 
then  have  a  constant  error  in  acceleration  of  0.32  ft.  per 
sec.  per  sec.  This  is  negligible,  for  it  requires  an  ac- 
celeration of  several  feet  per  second  per  second  to  be 
at  aU  perceptible. 

The  friction  in  the  pivots  increases  with  the  weight 
of  the  inertia  element  but  can  be  minimized  by  the  use 
of  knife-edges.  The  pencil  or  marker  friction,  however, 
is  a  very  variable  factor.  To  make  sure  that  it  shall 
always  be  small  compared  with  the  weight,  the  latter 
should  be  large,  say  10  lb.  This  does  not  materially 
increase  the  bulk  of  the  instrument,  which  is  determined 
principally  by  the  period,  the  range  and  the  requirements 
of  rigidity. 

But  it  should  be  pointed  out,  in  passing,  that  sufficient 
friction  for  damping  will  exist  in  the  pivots,  rollers  and 
marker.  Moreover,  the  last  can  be  varied  so  that  some 
control  of  the  damping  is  readily  possible. 

The  manner  of  suspending  the  inertia  element  remains 
to  be  considered,  as  to  whether  it  should  be  guided  so  as 
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FiQ,    3 — Earlier  Form   of  Seismograph  for  Vbhicus  Vibrations 

to  move  in  a  strictly  rectilinear  path,  or  rigidly  fastened 
to  the  long  arm  of  the  lever  suspension  so  that  its  path 
will  be  the  arc  of  a  circle.  In  this  connection  we  must 
consider  the  "kick"  due  to  the  inertia  reactions  of  the 
rotating  parts  inherent  in  the  lever  suspension.  It  is 
unnecessary  to  investigate  this  matter  here,  except  to 
point  out  that  if  the  inertia  element  is  guided  so  that  it 
moves  up  and  down  without  rotating,  and  the  supporting 
levers  are  made  very  light,  any  errors  due  to  rotary 
inertia  reactions  will  be  negligible. 

Detailed  Description  of  the  Instrument 

Fig.  3  is  a  photograph  of  an  earlier  form  of  the  seismo- 
graph; Fig.  4  is  the  present  form.  In  the  light  of  ikhe 
foregoing  discussion,  only  a  brief  description  is  necessary. 
A  is  the  inertia  element,  equipped  with  ball-bearing 
rollers.  Fastened  to  the  rigid  post  C  is  the  hardened 
and  ground  guide  B  provided  with  grooves  in  which  the 
rollers  on  A  operate.  The  inertia  element  is  connected 
to  the  long  arm  of  the  rocker-pivoted  aluminum  lever  F 
by  the  connecting-rod  E,  The  spring  H  and  the  adjust- 
ment G  complete  the  lever  suspension.    The  rolls  /  and 
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L  and  the  electric  motor  K  are  the  principal  parts  of  the 
paper  mechanism.  N  is  the  marker  attached  to  the  inertia 
element  A,  A  hard  pencil  lead  is  fairly  satisfactory  for 
the  purpose,  but  a  brass  stylus  and  prepared  paper  are 
better.  Ink  can  be  used,  but  it  does  not  give  a  fine  line 
and  is  troublesome. 

The  paper  speed  is  adjustable  up  to  9  or  10  in.  per  sec. 
High  paper-speed  is  desirable,  because  the  more  the 
record  is  drawn  out  the  more  accurately  it  can  be  analyzed. 
A  half -second  clock  and  a  time-marker,  electrically  oper- 
ated by  a  connection  with  the  clock  mechanism,  Indicates 
half -seconds  directly  on  the  paper.  This  makes  it  possible 
to  determine  accurately  the  speed  of  the  p^per  and  to 
take  into  account  variations  in  the  speed. 

The  mode  of  operation  of  this  instrument  can  be  illus- 
trated by  an  analogy.  Imagine  a  test  road  with  an 
accurately-built  fence  running  alongside  and  a  marker 
rigidly  fastened  to  the  body  of  the  vehicle  under  test. 
Let  the  automobile  be  driven  along  the  road  at  a 
constant  distance  from  the  fence,  so  that  the  marker 
always  touches  it.  With  the  fence  unaffected  by  the  road 
vibrations  due  to  the  passage  of  the  vehicle  and  with 
a  constant  speed,  a  fairly  accurate  record  of  the  vertical 
vibrations  of  the  vehicle  body  will  be  obtained.    In  the 


Pio.  4 — rRESBNT  Form  of  Sbismograph 
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seismograph,  conditions  are  in  effect  inverted,  as  if  the 
marker  was  attached  to  the  fence  and  the  record-strip 
or  paper-roll  was  fastened  to  the  car  body.  The  record 
traced  by  the  seismograph  is  therefore  inverted.  When 
the  car  body  moves  up  the  paper-roll  likewise  moves  up 
and,  since  the  weight  with  marker  attached  is  stationary, 
the  slope  of  the  line  traced  is  downward. 

The  record  traced  by  the  seismograph  shows  the  up- 
and-down  oscillation  and  vibration  of  tho  vehicle  body  at 
a  glance.  To  realize  the  full  value  of  the  instrument, 
however,  the  records  must  be  analyzed  carefully.  The 
principal  thing  to  seek,  as  will  be  pointed  out,  is  accel- 
eration, but  amplitude  and  damping  of  the  free  oscilla- 
tions are  also  very  important. 

Methods  of  Analyzing  Curves 

The  seismograms  can  be  roughly  analyzed  for  accelera- 
tion with  ordinary  drafting  instruments.  Thus,  in  Fig. 
5  let  the  curve  represent  an  enlarged  portion  of  the 
record.  Select  two  points  p  and  q  on  the  curve,  where 
the  curvature  is  most  rapid;  draw  the  tangents  ph  and 
qd  of  any  desired  length  and  complete  the  right-angle 
triangles  as  shown.  From  the  time  marks  note  the  time 
corresponding  to  the  lengths  pa  and  qc.  Thus,  if  the 
paper  travel  is  5  in.  per  sec.  and  the  length  pa  is  1  in., 
then  pa  corresponds  to  1/5  sec.  Divide  the  distance  ha, 
in  feet,  by  the  time  pa  in  seconds.  This  gives  the  vertical 
velocity  of  the  vehicle  body  at  the  point  p,  in  feet  per 
second.  In  the  same  way  determine  the  vertical  velocity 
at  q.  Call  these  Vp  and  Vq  respectively.  Measure  the  hori- 
zontal distance  from  p  to  q  and,  from  the  time  marks, 
determine  the  time  t  required  for  the  paper  to  travel 
this  distance.  If  a  time-marker  is  not  used,  the  time 
intervals  can  be  determined  from  the  speed  of  the  drum, 
which  must  then  be  known.  In  the  time  t  the  velocity 
of  the  body  has  changed  from  Vp  to  —  Vq  It  should  be 
noted  that  the  tangents  have  opposite  slopes  in  the 
example  chosen;  hence  the  acceleration  is  given  by 

Vp ( —  t;<y)       _        Vp-f  Vq 

t  "         t 

By  choosing  the  distances  pa  and  qc,  each  equal  to  % 
sec.  for  instance,  the  work  can  be  considerably  shortened. 
But  this  method,  while  satisfactory  for  rough  work,  has 
disadvantages;  (a)  it  is  not  very  accurate;  (b)  it  gives 
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the  average  and  not  the  maximum  acceleration  between 
the  two  points;  (c)  points  of  maximum  acceleration  may 
easily  be  overlooked;  (d)  it  does  not  permit  the  drawing 
of  the  acceleration  curve,  except  with  much  labor. 

Mathematically  speaking,  acceleration  is  the  second 
derivative  of  the  curve.  This  can  be  obtained  quickly 
and  accurately  by  an  instrument  called  a  comparator, 
such  as  astronomers  use  in  measuring  star  photographs. 


Fig.   5 — Method  of  Analyzing   Seismograph   Curves 


A  simple  form  of  this  device  has  been  designed  specially 
for  analyzing  these  curves  (See  Fig.  6).  It  consists  of 
a  base  on  which  is  mounted  a  micrometer  slide  with 
its  axis  horizontal  and  parallel  to  a  finished  surface 
on  the  base.  Carried  by  this  slide  is  a  second  micrometer 
slide,  with  its  axis  horizontal  and  perpendicular  to  the 
first  slide.  A  magnifier  equipped  with  cross-hairs  is 
mounted  on  the  second  slide. 

In  use,  the  part  of  the  record  to  be  analyzed  is  tacked 
to  a  drawing-board  with  its  edges  parallel  to  the  T- 
square.  The  particular  portion  to  be  considered  is 
brought  into  the  field  of  the  magnifier  of  the  instrument, 
which  is  set  square  by  the  T-square,  and  is  fastened  with 
pins  so  that  it  will  not  shift.  The  cross-hairs  are  then 
set  on  the  line  near  the  beginning  of  the  "hump,"  as  at 
a  in  Fig.  7,  and  the  micrometer  readings  noted.  The 
longitudinal  slide  is  then  shifted  a  known  small  distance, 
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FiQ.   6 — Comparator  for  ANXLyziNo  Sbismoqraph  Curves 

a  to  a\  depending  upon  the  curvature;  the  cross-hairs  are 
then  brought  back  on  the  line  by  moving  the  transverse 
slide  through  a'  to  h  and  the  micrometer  readings  taken. 
In  the  same  way  set  off  h  to  h',  determine  h'  to  e,  etc. 
To  simplify  the  work,  make  a  to  of  =  b  to  b'  =  c  to  c', 
etc.,  =  t,  where  t  is  the  time  interval  corresponding  to 
these  small  distances.  Denote  the  point  midway  between 
a  and  b  by  A,  between  b  and  c  by  B,  etc.    Then 

The  velocity  at  A  =  —      =       —L 
a  a  t 

b'c 
The  velocity  at  B  =    

c'  d 
The  velocity  at  C  =    -  j— 

d'  e 
The  velocity  at  D  =     ,  etc. 

b'  c  —  a'b 

The  acceleration  at  6  = 

ir 

c'd—b'c 

The  acceleration  at  c  =  ; ,  etc. 

t 

By  properly  tabulating  the  work,  the  procedure  is  fairly 
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rapid.    By  plotting  the  resulting  accelerations,  the  accel- 
eration curve  can  be  drawn. 

While  the  seismograph  was  primarily  designed  for  use 
in  spring-development  work,  it  is  equally  useful  in  a 
number  of  other  fields.  For  example,  by  keeping  all 
other  factors  affecting  riding  qualities  constant,  a  thor- 
ough study  of  tire  performance  can  be  made.  Likewise, 
tire-substjtutes,  spring  wheels,  shock-absorbers,  auxili- 
ary springs  and  all  devices  affecting  riding  qualities,  can 
be  investigated  with  a  degree  of  precision  and  certainty 
hitherto  unobtainable.  But  above  all,  the  instrument 
should  be  useful  to  the  chassis-builder.  Since  the. rid- 
ing of  the  car  he  designs  is  affected  by  the  sum  of 
all  the  variables,  it  will  enable  him  to  set  standards  of 
riding  qualities  and  to  determine  to  what  extent  his 
product  approaches  these  standards,  even  after  it  leaves 
his  hands  and  has  been  in  service.  In  short,  the  seismo- 
graph makes  possible  a  standardized  measurement  of  rid- 
ing comfort,  just  as  the  measurement  of  the  other  four 
criteria  of  automobile  performance  has  been  standardized. 

Factors  Determining  Riding  Comfort 

Having  found  out  how  to  measure  the  most  important 
factors  that  determine  riding  comfort,  the  next  step  is 
to  determine  the  relative  importance  of  each. 

These  factors  may  be  listed  as  follows: 

(1)  Vertical  acceleration,  both  with  forced  vibration 
or  a  short  period  and  free  vibration  or  a  long 
period 


Fig.  7 — Successive  Steps  in  the  Analysis  op  a  Seismograph 
Record 
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(2)  Periods^  both  forced  and  free 

(3)  Amplitudes,  both  forced  and  free 

(4)  Damping,  free  only 

There  should  also  be  included  rotary  acceleration, 
although  this  is  not  directly  measurable  by  the  seismo- 
graph, as  will  be  pointed  out. 

Chassis  and  spring  engineers  have  long  recognized  the 
great  importance  of  upward  acceleration.  Thus,  if  a 
point  in  an  automobile  body  is  accelerated  upward  at  the 
rate  of  16  ft.  per  sec.  per  sec.,  or  one-half  the  acceleration 
due  to  gravity,  the  passenger  at  that  point  experiences  an 
upward  force  equal  to  half  his  weight;  if  the  accelera- 
tion is  32  ft.  per  sec.  per  sec.,  the  upward  force  on  the 
passenger  will  equal  his  weight;  etc.  This  neglects  the 
cushioning  effect  of  the  upholstery.  The  stresses  in  the 
frame  and  in  all  the  supporting  members  are  likewise  in- 
creased in  the  same  proportion.  There  can,  therefore,  be 
no  question  of  the  basic  importance  of  vertical  accelera- 
tion, both  forced  and  free,  in  the  matter  of  riding  com- 
fort and  the  life  of  the  chassis. 

The  question  has  frequently  been  asked,  ''Is  acceleration 
the  sole  determining  factor?"  It  is  well  understood  that, 
speaking  in  terms  of  simple  harmonic  motion,  the  maxi- 
mum acceleration  is  directly  proportional  to  the  ampli- 
tude and  inversely  proportional  to  the  square  of  the 
period.  Thus,  a  period  of  1  sec.  and  an  amplitude  of 
4  in.  gives  a  maximum  acceleration  of  13.1  ft.  per  sec^ 
per  sec.,  which  is  about  two-fifths  the  acceleration  due  to 
gravity.  The  same  acceleration  will  be  given  by  any  one 
of  the  combinations  in  the  accompanying  table. 


Periodi  sec. 

Amplitude,  in. 

0.500 

1.000 

0.250 

0.250 

0.125 

0.062 

2.000 

16.000 

The  oscillation  in.  the  first  line  of  the  table  will  give 
the  passenger  a  push  equal  to  two-fifths  of  his  weight 
twice  in  each  second ;  that  in  the  second  line  will  give  him 
the  same  push  four  times  in  each  second.  If  one  faces 
a  sparring  partner,  does  it  not  matter  how  often  one  is 
hit  as  well  as  how  hard?  It  follows  that  the  first  vibra- 
tion will  be  less  disagreeable  than  the  second,  even 
though  the  accelerations  are  the  same.  Furthermore,  an 
oscillation  of  a  2-sec.  period  and  a  16-in.  amplitude  would 
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cause  a  different  type  of  discomfort.  But  such  large 
slow  oscillations  never  occur  in  automobiles ;  they  belong 
in  the  sphere  of  naval  architecture. 

Evidently  the  physiological  effect  of  acceleration  can- 
not be  separated  from  frequency.  No  quantitative  rela- 
tions can  be  given  at  present,  but  in  analyzing  seismo- 
grams  the  fact  should  be  borne  in  mind  that,  in  general, 
the  higher  the  frequency  with  which  a  given  acceleration 
is  repeated  the  harder  the  riding  will  seem. 

It  is  sometimes  argued  that,  since  the  rate  of  change 
of  acceleration  is  of  great  importance  in  fore-and-aft 
acceleration,  as  in  the  starting  and  stopping  of  trains 
and  street  cars,  the  same  should  be  true  in  up-and-down 
acceleration.  The  two  questions  are  wholly  unrelated 
because  in  starting  and  stopping  street  cars,  for  ex- 
ample, the  accelerating  and  decelerating  forces  are  ap- 
plied to  the  passenger  below  his  center  of  gravity  and 
a  rotating  or  pitching  tendency  is  introduced;  the  pas- 
senger must  then  adjust  his  muscles  to  counterbalance 
this.  Such  acceleration  must  therefore  be  gradual  enough 
to  allow  the  passenger  time  for  this  adjustment,  but 
obviously  this  does  not  apply  to  vertical  accelerations. 

Although  the  rate  of  change  of  acceleration  may  be 
dismissed  from  a  physiological  standpoint,  it  is  very 
important  from  a  physical  standpoint.  It  is  not  within 
the  scope  of  this  paper  to  go  into  this  matter  further. 
It  need  only  be  pointed  out  that  rate  of  change  of  accel- 
eration is  directly  connected  with  frame-whipping  and 
body-tremors,  which  in  turn  produce  local  accelerations 
that  affect  the  passenger. 

Turning  now  to  the  question  of  amplitude,  it  is  well 
understood  that  the  vibrations  of  an  automobile  body  as 
a  whole  are  composed  of  forced  vibrations  having  the 
period  of  the  road  shocks,  and  free  oscillations  having 
the  natural  period  of  the  suspended  body  itself.  The 
amplitude  of  the  forced  vibrations  is  in  itself  of  little 
importance;  it  is  the  acceleration  that  counts. 

But  amplitude  is  of  more  importance  in  the  free  oscil- 
lation, because  a  large  amplitude  affects  not  only  the 
sensation  of  stability,  but  stability  itself.  Thus,  when 
the  rear  end  of  the  body  is  on  the  high  point  of  a  large 
swing,  the  pressure  between  the  tires  and  the  road  is 
diminished,  with  consequent  decrease  in  the  directive 
and  tractive  forces.  Moreover,  since  the  oscillations  of 
an  automobile  body  consist  of  vertical  motions  of  the  cen- 
ter of  gravity  and  rotary  motions  about  it,  vertical  ampli- 
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tude  is  a  measure  of  rotary  amplitude  and  hence  of  rotary 
acceleration.  In  short-wheelbase  cars  these  rotary  accel- 
erations sometimes  administer  disagreeable  shoves  from 
behind,  near  the  shoulder-blades.  This  point  should  be 
kept  in  mind  v^rhen  interpreting  seismograms. 

'While  mentioning  the  subject  of  wheelbase,  it  might 
be  well  to  point  out  the  fallacy  of  certain  notions  which 
have  gained  currency,  such  as  that  the  body  periods  can 
be  lengthened  by  turning  cantilever  springs  inside  out, 
so  to  speak,  or  by  sloping  cross-springs  away  from  the 
body  center  and  thereby  lengthening  the  distance  between 
front  and  rear-spring  anchorages  on  the  frame.  This 
matter  can  be  settled  by  recourse  to  the  simplest  basic 
principles  that  for  every  action  there  is  an  equal  and 
opposite  reaction,  as  stated  in  the  third  law  of  motion. 
This  means  that  the  line  of  action  of  a  force  remains 
unchanged  if  the  shape  of  the  mechanical  connections  be 
altered.  Thus,  every  designer  knows  that  the  line  of 
action  of  the  force  between  the  wrist-pin  and  crank-pin 
is  a  straight  line  joining  their  centers;  and  no  matter 
what  shape  or  bends  the  connecting-rod  may  have,  the 
line  of  action  of  the  force  is  unchanged.  Applying  this 
principle  to  springs,  we  see  that  if  the  path  of  the  wheel, 
with  reference  to  the  body,  as  it  moves  toward  the  body, 
is  substantially  a  straight  line  perpendicular  to  the  axis 
of  the  body,  as  is  always  the  case,  then  the  line  of  action 
of  the  force  exerted  by  the  spring  on  the  wheel,  which 
equals  the  reaction  on  the  body,  is  substantially  a  per- 
pendicular line  through  the  wheel  center.  This  is  true 
no  matter  what  form  the  spring  takes.  Likewise,  the 
magnitude  of  this  spring  force  is  the  product  of  its  rate 
and  its  deflection,  irrespective  of  the  shape  of  the  spring. 
It  follows  that  the  body  periods  are  completely  determined 
by  the  spring  rates,  the  mass  and  radius  of  gyration  of 
the  body  and  the  actual  wheelbase,  and  it  does  not  matter 
what  shape  the  springs  themselves  may  take. 

It  does  not  necessarily  follow  that  such  peculiar  dis- 
positions of  springs  will  not  produce  better  riding  quali- 
ties. Thus  they  may  permit  the  use  of  more  spring 
material,  resulting  in  a  more  flexible  spring.  The  binding 
actions  at  the  shackles,  on  the  other  hand,  may  result  in 
an  additional  shock-absorber  effect,  which  would  have  an 
appreciable  influence  on  the  riding  qualities  and  an 
equally  appreciable  influence  on  the  life  of  the  shackle, 
but  the  shape  of  the  spring  itself  has  no  effect. 

Turning  to  damping,  which  is  directly  related  to  fric- 
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tion,  its  function  is  well  understood.  It  limits  the  ampli- 
tude of  the  free  oscillations,  whether  due  to  a  single 
impact  or  to  accidental  resonance  between  road  bumps 
and  body  periods.  In  general,  the  greater  the  damping 
the  smaller  will  be  the  amplitude  of  the  free  oscillations, 
however  caused,  and  the  more  rapidly  will  they  die  out. 

However  introduced,  friction  always  increases  the  forced 
oscillations.  The  seismograph  enables  us  to  determine 
experimentally  how  much  friction  to  add  to  the  springs 
to  secure  the  desired  damping  and  what  increase  in  the 
forced  vibrations  this  added  friction  causes. 

Damping  can  be  conveniently  determined  by  driving 
the  car  over  a  larger  bump,  at  a  desired  speed,  and  noting 
from  the  seismogram  the  number  of  swings  the  body 
performs  in  coming  approximately  to  rest.  The  car  can 
also  be  driven  at  a  critical  speed  over  a  certain  road  and 
the  amplitude  of  the  free  oscillations  determined  from  the 
seismograms. 

Summarizing,  the  most  important  factors  that  deter- 
mine riding  qualities  are:  The  vertical  accelerations, 
both  forced  and  free;  the  frequency  with  which  they  are 
repeated;  the  amplitude  of  the  free  oscillations;  the 
damping  of  the  free  oscillations ;  and  rotary  acceleration. 
All  of  these,  except  the  last,  can  be  directly  determined 
by  the  seismograph. 

Preliminaby  Experimental  Results 

I  hope  to  give  later  a  detailed  account  of  the  experi- 
mental investigation  of  riding  qualities  now  under  way, 
but  I  can  say  now  that  the  results  have  definitely  shown 
the  riding  qualities  of  a  given  car  to  vary  to  an  extent 
not  realized  by  most  engineers.  Thus,  measurements  on 
several  trucks  of  a  large  fleet  operating  in  New  York 
City  showed  that,  on  a  certain  stretch  of  upper  Fifth 
Avenue  a  maximum  vertical  acceleration  of  approximately 
one-half  that  due  to  gravity  was  developed  on  new  trucks ; 
but  on  trucks  that  had  been  a  year  or  more  in  service 
the  corresponding  acceleration  was  about  one  and  one- 
half  times  that  due  to  gravity,  a  difference  of  some  300 
per  cent.  A  later  test  showed  that  most  of  this  change 
occurred  between  the  third  and  the  twelfth  day  of 
service,  in  that  one  instance.  The  general  results  of  the 
tests  on  the  trucks  of  this  fleet  may  be  expressed  thus: 
When  new,  they  ride  like  touring  cars,  but  after  some 
length  of  service  they  ride  like  trucks. 
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In  conclusion  I  wish  to  ask  the  question :  What  is  the 
difference  in  the  behavior  of  steel  undergoing  a  cyclic 
repetition  of  stress,  as  compared  virith  an  acyclic  repeti- 
tion? Fatigue  tests  are  always  made  under  cyclic  con- 
ditions. Many  investigators  have  noted,  however,  that  at 
the  beginning  of  such  tests  there  is  a  transient  or  ''set- 
tling-down" stage  in  which  the  specimen  "gets  its  stride." 
So  far  as  I  know,  only  one  man.  Dr.  W.  Mason,'  has  in- 
vestigated the  effect  of  change  of  speed  in  a  fatigue  test. 
He  found  that  when  a  fatigue  test-specimen  had  become 
"trained"  to  a  slow  cycle  of  torsional  stress,  the  cyclic 
strains  following  a  more  rapid  repetition  of  the  same 
siateaa  were  temporarily  reduced,  and  vice  versa.  Dr. 
Mason  worked  with  stresses,  frequencies  and  conditions 
far  different  from  those  existing  in  automobile  springs, 
but  in  a  general  way  his  results  are  in  entire  accord  with 
my  own  observation  that  the  greatest  enemy  of  good  rid- 
ing is  spring-fatigue. 

A  wide  field  for  research  is  opened  by  acyclic  fatigue 
tests,  which  should  be  of  great  interest  to  the  members 
of  this  Society  and  to  all  those  interested  in  the  testing 
of  metals.  Not  only  would  such  tests  add  greatly  to  our 
knowledge  of  metals,  but,  if  I  may  venture  a  prophecy, 
the  acyclic  method  of  testing  would  greatly  shorten  the 
time  required  for  fatigue  tests  and  so  attain  a  long- 
sought  goal. 

Appendix  I 

Suppose  a  weight,  of  mass  M  (See  Fig.  8),  is  hung  by 
a  spring  of  stiffness  K^  from  a  point  of  support  that  is 
undergoing  a  simple  harmonic  motion  of  amplitude  E 
and  period  T,.  Let  x  be  the  displacement  at  any  instant 
of  the  point  of  support  from  its  neutral  position,  and  let 
y  be  the  corresponding  instantaneous  displacement  of  the 
mass.  Also,  let  the  static  deflection  of  the  mass  be  S;  in 
other  words,  the  weight  Mg  stretches  this  spring  an 
amount  8. 

The  force  acting  upward  on  the  mass  is  the  stretch 
of  the  spring  times  its  stiffness.  The  spring-stretch  is 
obviously  the  difference  in  the  displacements  x  and  y, 
plus  the  static  deflection  (x  —  y  +  8).  The  force  acting 
dovimward  is  the  weight,  Mg.  Let  us  call  upward  forces 
positive;  then  by  equating  the  algebraic  sum  to  mass 
times  acceleration  we  get 


•See  Proceedinpa  of  Royal  Society  of  Iiondon,  vol.  92. 
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1^    5t'iffn«»5 


Fia.  8 — Analysis  of  Spring  Action 

But  since  8  is  the  spring-stretch  due  to  the  weight 

acting  alone 

Mg  =  KS,  hence 

M^=Kx^Ky,  or 


r^ 


M^4-Kv=:Kx 


rn 


The  simple  harmonic  motion  of  the  point  of  support  is 
expressed  by 

x  =  Esm(^y  (2) 

For  abbreviation,  put 


O) 


p  is  called  the  "frequency-speed"  and  is  equal  to  2w 
times  frequency. 
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Substituting  in  equation  (1),  we  obtain 

M^+Ky  =  KE  sin  pt  (4) 

This  is  a  familiar  differential  equation  whose  general 
solution  is  given  in  all  textbooks  on  the  subject.  Suffice 
it  to  say,  that  the  general  solution  consists  of  two  parts 

Yi  =  A  sin- qt  +  B  cos  qt  (Free  oscillation)  (5) 

F,  =  C  sin  pt  +  D  cos  pi  (Forced  oscillation)  (6) 

The  constants  A,  B,  €,  D,  are  obtained  by  substitution 
in  equation  (4),  and  from  the  initial  conditions,  that 
the  weight  is  at  rest  when  the  motions  start.  Mathe- 
matically specified,  the  initial  conditions  are  that  when 

t  =  0.y  =  0.  ^  =0 

Substituting  equation  (6)  in  equation  (4),  we  obtain 
^M  (C  Bin  pt-k-D  cos  pi)  +  Kifi  sin  pt  +  D  cos  pt)—  KE  sin  pi 

This  is  true  for  all  values  of  t;  so  put  t  =  0,  which 
makes 

sin  pt  =  0,  cos  pt  =  1,  and  we  get 
i—p'M  +  K)  D=:0    r.D  =  0    and  hence  we  get 
(— -  p^M  +  K)  C  sin  pt  =  KE  sin  pt,  hence 

C  =  ■   ^^ —     (Amplitude  of  forced  vibration)       (7) 
f/M  —  K 

This  is  the  amplitude  of  the  forced  vibration.  The 
period  of  the  forced  vibration  is  the  same  as  the  period 
of  oscillation  of  the  point  of  support.  Hence  the  forced 
vibration  period  is  given  by  the  equation 

KE 
y»  =   ,^ y  sin  pt     (Forced  vibration)     (8) 

Referring  now  to  the  equation  of  free  oscillation  (5), 
the  quantity  q  is  related  to  the  period  T,  of  free  oscilla- 
tion by  the  following  equation  which  is  similar  to  equa- 
tion (3): 

^  =  17  "'^-^T  ^'^ 

As  is  well  known,  or,  as  can  be  shown  by  substituting 
equation  (5)  in  the  left-hand  side  of  equation  (4)  and 
equating  to  zero,  the  period  of  free  oscillation  is  given  by 


r.  =  2ir  JK    or  r,  =  2ir  J: 


i  (10) 

To  determine  the  constants  A  and  B,  we  must  remem- 
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ber  that  the  whole  motion  of  M  is  given  by  the  sum  of 
equations  (5)  and  (6).  Remembering  also  that  deter- 
mining the  constants  C  and  D  makes  equation  (6)  reduce 
to  equation  (8) ,  we  have 

KTP 
r  =  Fi+  y,=  y        ,w  sin  pt-k-A  sin  gt  +  B  cos  qt 

A  —  p  M 

Differentiating 

Introducing  our  initial  conditions 

y  =  0,  t2.  —  0,  when  t  =  0 
0  =  0  +  0  +  5,  hence  B  =  0 

^-       q  K  —  p'M  ^"' 

This  is  the  amplitude  of  the  free  oscillation.  Hence, 
the  expression  in  equation  (5)  for  the  free  oscillation 
becomes 

y  =  —   —  y nj^   sin  qt     (Free oscillation)        (12) 

Summarizing,  we  may  say  that:  If  the  point  of  sup- 
port undergoes  a  simple  harmonic  motion  of  amplitude 
E  and  period  T,,  the  weight  will  undergo  two  simple 
harmonic  motions,  one  of  which,  called  tKe  forced  oscil- 
lation,  will  have   the   same  period  T^,   and   amplitude 

KE 

;;  the  other  of  which,  called  the  free  oscillation. 


K  — ?fAf' 

will  have  the  p< 

pKE 


r,  =  2«  will  have  the  period  W  ^ 


and  the  amplitude  — 

g(i^-p"M) 

The  negative  sign  indicates  that  the  free  and  forced 
oscillations  are  opposite  in  phase. 

The  expression  for  the  amplitudes  can  be  simplified, 
as  follows: 


K_ 
K  M 


M        ^ 


,  but 
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2ir  .        4ir«  . 

P  =  -jT  .  or  p'  =  ^ ,  and 


r.=2-^f-, 


hence  — -  =   7=-;  »  hence 
M  1% 


^  JL 

K         _         T^  __         Tj 

K^p^M   "■  i!^  _  4ir*    ""     1    _    1 

r,'       f?        27      JTi* 

Multiplying   the   numerator   and   the   denominator    by 
r/  T/,  we  get 

In  the  same  way 

Hence,  our  amplitudes  become 


Ti'— r.« 


X  £7  (Forced  oscillation),  and 


^  X    2i;t!l  x*  X  JS?  (Free  oscillation) 

We  shall  now  make  use  of  the  practical  fact  that,  if 
such  a  system  is  to  be  useful  for  seismographic  purposes, 
the  period  of  free  oscillation  must  be  large  compared 
with  any  period  of  forced  oscillation  which  we  are  likely 
to  meet,  i.e.,  T,  is  large  compared  with  T^.  Hence  it  gives 
a  good  approximation  to  neglect  T*  compared  with  T*, 
and  we  get  for  our  amplitudes 

=V    X  E  (Forced  oscillation) 
i  3 

T 

7=r-   X  ^  (Free  oscillation) 

The  negative  sign  has  been  omitted,  as  it  merely  indi- 
cates phase  relations. 

Hence,  we  may  say  that  the  ratio  of  the  amplitude 
of  the  forced  oscillation  to  the  amplitude  E  of  the  forcing 
oscillation  equals  the  square  of  the  ratio  of  the  forced 
period  to  the  free  period;  and  the  ratio  of  amplitude  of 
the  free  oscillation  to  the  amplitude  of  the  forcing  oscil- 
lation equals  the  ratio  of  the  forced  period  to  the  free 
period. 
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In  this  part  of  the  analysis  we  have  neglected  friction. 
We  shall  consider  first  the  forced  oscillation,  as  this 
is  the  one  that  causes  a  real  instrumental  error.  The 
free  oscillation,  as  will  be  shown,  amounts  to  nothing 
more  than  a  slowly-wandering  zero. 

From  the  above,  it  follows  that,  to  keep  down  the 
forced  oscillation  and  hence  make  the  instrumental  error 
small,  the  free  period  of  the  inertia  element  must  be  long 
when  compared  with  the  longest  period  of  vibration  of 
the  vehicle  body. 

For,  on  account  of  the  axle  motion,  the  vehicle  body 
itself  undergoes  forced  and  free  vjbrations  and  both  of 
these  are  forcing  vibrations  from  the  standpoint  of  the 
inertia  element.  The  longest  free  period  of  the  vehicle 
body  is  the  longest  /arced  period  on  the  inertia  element 
which  need  be  considered  in  practice ;  hence  we  may  state 
as  the  fundamental  requirement  that 

The  free  period  of  the  seismograph  must  be  long  com- 
pared with  the  free  periods  of  the  vehicre  body.  Or, 
since  the  periods  are  functions  of  the  deflections,  the 
static  deflection  of  the  seismograph  spring  must  be 
very  large  compared  with  the  static  deflections  of  the 
vehicle  springs 

Let  us  consider  a  practical  example.  Suppose  a  point 
in  the  vehicle  body  is  oscillating  with  an  amplitude  of 
1  in.  and  a  period  of  %  sec. ;  and  suppose  the  period  of 
the  inertia  element-of  the  seismograph  is  2V2  sec.  Then 
the  ratio  of  periods  is  1  to  6,  and  the  amplitude  of  the 
forced  vibration  of  the  inertia  element  will  be  1  X  (K)* 
=  ^5  in.  In  other  words,  if  the  period  of  the  seismo- 
graph is  five  times  that  of  the  vehicle  body,  the  forced 
oscillation  of  the  inertia  element  will  have  one-twenty- 
fifth  of  the  amplitude  of  the  free  motion  of  the  vehicle 
body.  The  greatest  instrumental  error  would,  therefore, 
be  4  per  cent.  This  accuracy  is  entirely  satisfactory  for 
all  practical  purposes.  We  may,  therefore,  say  that  the 
free  period  of  the  seismograph  should  be  about  five  times 
the  longest  free  period  of  the  vehicle  body. 

The  free  periods  we  meet  with  in  automobiles  may 
reach  perhaps  0.7  sec.  or  more;  hence  a  seismograph  for 
motor  vehicles  sliould  have  a  period  of  about  3V^  sec.  or 
longer. 

Turning  now  to  the  free  oscillation,  we  find  that  its 
amplitude  is  to  that  of  the  forcing  oscillation  inversely 
as  the  ratio  of  periods;  so  that,  if  the  ratio  of  periods 
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is  1  to  5,  and  the  amplitude  of  the  body-motion  is  1  in., 
the  free  amplitude  of  the  weight-motion  will  be  0.2  in. 

To  see  the  effect  this  has  on  the  curve,  suppose  the 
zero  to  be  stationary,  and  the  body  to  be  executing  a 
free  oscillation  such  as  is  shown  in  Fig.  9  by  the  light 
full  line  C  The  corresponding  free  motion  of  the  weight 
is  indicated  by  the  line  W,  and  the  resulting  distortion 
of  the  record  by  the  heavy  line  Y. 

No  extended  analysis  is  necessary  to  show  that,  when 
the  period  of  the  weight  is  long  compared  with  that  of 
the  impressed  oscillations,  6  to  1  for  example,  the  record 
distortion  caused  by  the  free  oscillations  of  the  weight 
produces  no  appreciable  error  in  acceleration,  amplitude 
or  damping.  Of  course,  the  free  oscillations  of  the 
weight  are  damped.  In  the  figure  we  have  assumed  them 
to  be  undamped  to  exhibit  the  worst  case. 

In  any  case,  it  is  impossible  to  design  an  inertia- 
operated  seismograph  so  that  the  weight  will  remain 
absolutely  at  rest.  To  emphasize  this  point,  imagine  that 
a  sudden  change  occurs  in  the  road-level  (Fig.  10).  As 
the  various  body-oscillations  resulting  from  the  impact 
die  out,  the  inertia  element,  if  perfectly  damped,  will 
gradually  move  to  its  new  zero-position  in  space,  which 
is  its  old  zero-position  with  reference  to  the  car.  During 
the  transition,  the  zero-position  of  the  weight  will  there- 
fore shift  gradually.  A  wandering  zero  is  therefore 
inherent  in  such  devices.  The  wandering  zero  occurs  in 
many  types  of  instruments.  A  notable  example  is  the 
syphon  recorder  used  as  a  receiver  in  submarine  cable 
work. 

In  the  above  analysis  we  have  considered  the  vehicle 
body  as  performing  one  simple  harmonic  oscillation, 
whereas  the  actual  motion  is  a  very  complicated,  irregu- 
lar curve.  But  no  matter  how  irregular,  any  particular 
portion  of  the  curve  can  be  represented  by  a  series  of 
simple  harmonic  motions,  called  a  Fourier's  series.  Each 
term  of  this  series  will  give  rise  to  a  corresponding  term 
in  each  of  two  similar  series  representing  the  forced 
and  free  motions  of  the  seismograph  weight  respectively. 
The  relations  found  above  for  a  single  simple  harmonic 
oscillation  will  hold  for  each  term  of  the  series.  The 
longest  period  in  the  series  which  is  of  importance  from 
a  practical  standpoint,  is  the  period  of  free  oscillation  of 
the  vehicle  body;  and  if  the  instrumental  error  is  small 
for  this  term,  it  will  be  still  smaller  for  the  shorter 
periods. 
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PiQ.   9 — Efpkct  op  the  Frbb  Motion  op  a  Weight  upon  a  Body 
BxBCUTiNQ  A  Frbb  Oscillation 

Apbendix  II. 

Referring  to  Fig.  2,  imagine  a  pivoted  rod,  whose  arms 
are  a  and  h  inches  long,  to  have  a  spring  fastened  at  one 
end  and  a  load,  /,  applied  at  the  other.  Let  k  be  the 
stiffness  of  the  spring,  and  r  the  spring  reaction  or  pull. 
When  the  system  is  in  equilibrium,  as  indicated  by  the 
full  lines 

ra  =  /6. 

Also,  if  the  spring  has  been  stretched  a  distance  s  to 
balance  A  then 

r  =  ka,  and 
ksa  =  /6. 

Let  the  force  /  be  now  increased  a  little  to  become 
f  +  af;  then  the  system  will  move  to  a  new  equilibrium- 
position,  shown  by  the  dotted  line.  Note  that  the  force 
/  has  moved  through  a  distance  d,  while  the  spring  has 
received  an  additional  stretch  c,  the  relation  between  c 
and  d  being  obviously 

The  new  spring  reaction  is  r',  for  instance,  where 


•f  »•••' 


fc»n«|t»ft.  ^  -^  — 


n—d 


Fio.  10 — Effbct  op  A  Chanqb  in  RuAii  Levbl  upon  the 
Sbismograph  Wbiqht 
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Taking  moments  about  the  point  of  support,  we  have 

(r  +  ck)a  =  (/  +  A  /)  6,  hence 
cka  =  Afb  (For  ra  =  fb),  hence 


A/=  I  ck  =  (^)dk 


To  find  the  stiffness,  or  rate,  of  a  spring,  we  divide  the 
load  by  the  deflection,  or  the  increment  in  load  by  the 
corresponding  increment  of  deflection.  The  combination 
of  lever  and  spring  acts  as  a  simple  spring  whose  stiffness 
is  such  that  when  the  load  is  increased  by  A  /,  the  deflec- 
tion increment  is  d.  Hence,  the  stiffness  of  the  lever 
suspension  is 

¥  =  (!)*='*  (I)" 

Hence,  we  obtain 

Theorem  I:  The  stiffness  of  the  lever  suspension  is 
equal  to  the  stiffness  of  its  spring  divided  by  the  square 
of  the  lever-arm  ratio 

The  static  deflection  of  a  spring  is  the  load  divided  by 
the  stiffness  or-jr-.  If  the  spring  of  the  suspension  can 
carry  a  load  /  r,  then  at  the  long  end  of  the  lever  it  can 
carry  only  y-  r.  The  static  deflection  8  of  the  lever  sus- 
pension is,  therefore 

But-^is  the  static  deflection  of  the  coil  spring  k  under 

a  load  r,  which  we  denoted  above  by  8.  Hence,  the  static 
deflection  of  the  lever  suspension  is  given  by 


9  =  8  - 
a 


We  therefore  obtain 


Theorem   II:     The   lever   suspension  multiplies   the 
static  deflection  of  its  spring  by  the  lever-arm  ratio 

THE    DISCUSSION 

H.  M.  Brov^n: — ^We  are  all  aiming  toward  the  same 
thing,  of  course,  and  we  all  get  different  results.    I  de- 
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vised  an  instrument  to  do  in  a  much  cruder  way  what  Dr. 
Liebowitz  has  described.  I  obtained  the  little  wiggles 
he  mentioned,  finding  that  it  did  not  require  a  new  car 
to  get  them.  We  could  get  very  decided  wiggles  with  an 
old  car.  If  the  springs  are  lubricated,  wiggles  almost 
disappear.  When  the  springs  are  old,  if  a  reasonable 
amount  of  the  excessive  friction  between  the  leaves  is 
eliminated,  a  smooth  riding  car  results. 

R.  W.  A.  Brewer: — Reference  was  made  to  a  proposed 
method  of  producing  a  diagram  on  a  fence  from  the  side 
of  the  car.  Before  leaving  England,  I  saw  some  very 
interesting  photographs  that  were  taken  by  night  on 
Brooklands  track.  The  car  had  several  lamps  attached 
in  various  vertical  positions  on  its  side  and  a  series 
of  lamps  on  two  wheels.  Photographs  were  then  made 
as  the  car  went  over  an  obstacle  on  the  track.  These 
various  photographs  gave,  of  course,  exact  permanent 
records  of  the  verticalheights  of  the  various  parts  of  the 
machine,  under  different  conditions.  This  is  a  very  sim- 
ple method  of  obtaining  results  when  one  is  investigating 
spring  problems. 

B.  F.  Tillson: — I  would  like  to  raise  a  question  in 
regard  to  the  differentiation  between  wheelbase  and 
springbase.  Is  the  contention  in  regard  to  a  long  spring- 
base  of  merit?  Casually,  it  might  seem  correct  to  as- 
sume that  the  point  of  attachment  of  the  spring  to  the 
car  definitely  affects  the  displacement,  or  the  amplitude 
of  motion  of  the  car  in  a  vertical  plane.  If  that  is  re- 
sponsible for  the  discomfort  of  the  passenger,  it  would 
then  seem  that  an  elliptic  or  a  semi-elliptic  spring,  where 
there  are  two  points  of  attachment  for  one  spring  and 
whose  effective  point  of  attachment  to  the  chassis  would 
seem  to  be  the  mean  distance  between  those  two  points 
of  attachment,  would  be  at  an  extreme  disadvantage,  a^ 
compared  with  the  cantilever  type  of  spring,  whose  single 
point  of  attachment  might  be  at  the  remotest  distance, 
or  at  the  extremity  of  the  car,  away  from  the  axle.  If, 
however,  the  acceleration  is  the  chief  function  of  dis- 
comfort, it  might  seem  that  that  point  is  poorly  taken, 
and  that  the  difference  between  the  length  of  wheelbase 
and  springbase  would  not  be  of  great  moment. 

A  Member: — I  think  that  if  the  springs  are  made  long 
enough,  wide  enough  and  thin  enough,  all  the  present 
wiggles,  jounces  and  troubles  will  be  avoided.  The  prin- 
cipal trouble  in  automobile  springs  is  through  a  limitation 
of  construction  designs.     Springs  are  made  deep  and 
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short.  All  the  levers  and  auxiliary  springs  used  are  to 
dodge  this  question  of  having  the  springs  long,  vi^ide  and 
thin.  Reference  was  made  to  the  old-style  coach.  I  have 
had  some  experiences  in  the  carriage  trade  and  call  the 
attention  of  automotive  engineers  to  carriage  springs. 
The  springs  of  the  easier-riding  carriages,  like  the 
coaches,  or  of  the  heavier  ones,  were  much  longer,  being 
several  times  longer  in  proportion  to  the  Toad  carried, 
than  anything  we  have  in  the  automobile  today.  The 
other  point  is  that  the  spring  should  not  do  anything 
more  than  act  as  a  spring.  To  make  a  torsion  or  a  thrust- 
rod  out  of  a  spring,  introduces  some  wiggles  and  pro- 
duces stress  of  materials  and  spring  fatigue. 

0.  A.  Malychevitch  : — Some  years  ago  I  was  con- 
nected with  a  factory  in  England  which  is  engaged  in 
building  all  the  omnibuses  for  the  London  General  Omni- 
bus Co.  Ah  investigation  was  macje  of  the  question  just 
discussed  on  the  basis  of  a  series  of  articles  printed  in 
one  of  the  best  automobile  publications  in  France.^  The 
result  showed  that  the  front  axle  and  frame  have  their 
own  vibration,  i.e.,  their  own  average  amplitude  and 
length  of  wave  or  period  of  vibration.  The  method  ap- 
plied was  similar  to  the  one  just  mentioned.  Lights  were 
fixed  on  the  front  and  back  axles,  frame  and  body  of  an 
omnibus,  which  passed  before  the  camera  at  different 
speeds  on  different  kinds  of  road  with  and  without  ob- 
stacles. The  result  corresponded  to  that  described  in  the 
articles  mentioned  and  also  showed  that  with  an  omnibus 
having  solid  tires,  when  traveling  over  an  obstacle,  the 
amplitude  of  vibration  and  vertical  speed  of  the  frame  and 
body  grow  enormously  with  increase  of  speed,  while  the 
front  axle  varies  but  little.  The  period  of  vibration  or 
length  of  wave  of  the  frame  and  axle  increases  if  the 
load  and  speed  increase,  and  by  varying  the  position  of 
the  load  or  passengers  different  combinations  and  co- 
incidences of  the  wave  of  vibration  can  be  obtained.  With 
pneumatic  tires  the  result  will  be  altogether  different. 
Therefore,  any  problem  concerning  the  measurement  of 
vehicle  vibration  should  be  considered  very  carefully,  on 
account  of  these  differences  in  vibration  of  each  principal 
part  of  the  chassis  or  each  principal  wave  which  may 
occur  in  a  solid-tired  omnibus  having  a  constantly  varied 
load. 


*La   Technique   Automobile   et   Aerienne,   1914.    Les   Pertes   par 
Roulement  des  Automobiles. 
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R.  A.  Schaap:— W.  C.  Keys*  brought  the  method  of 
measuring  the  performance  of  springs  by  means  of  lights 
to  our  attention  at  a  meeting  of  the  Pennsylvania  Section 
of  the  Society  about  two  years  ago.  In  the  experiments 
he  described  there  was  one  light  on  the  axle,  one  on  the 
passenger's  hat  and  another  on  the  body  of  the  car.  The 
relative  motion  of  all  three  was  shown  very  effectively. 
As  a  previous  speaker  said,  it  is  not  a  question  of  the 
vibration  of  the  passenger,  car  or  axle,  but  of  the  rela- 
tive motion  of  all  three  with  respect  to  each  other. 

Another  speaker  said  that  ease  of  riding  is  altogether 
a  matter  of  spring  length.  In  the  old  horse-drawn  ve- 
hicle days  the  length  of  a  spring  compared  with  the  load 
it  carried  was  very  much  greater  than  in  the  modern 
automobile.  I  agree  that  if  the  spring  is  long  enough 
and  its  leaves  thin  enough  all  the  little  wiggles  we  have 
heard  so  much  about  will  disappear. 

As  spring-makers  we  are  not  in  the  habit  of  talking 
about  periodicity  or  amplitude  or  any  of  the  other  related 
terms.  Instead  we  always  speak  of  the  deflection  or  travel 
of  a  spring.  I  do  not  know  exactly  what  relation  exists 
between  travel  and  amplitude  and  periodicity,  but  I  do 
know  that  the  travel  of  a  spring  affords  a  very  simple 
method  of  comparing  the  riding  quality  of  one  spring 
with  that  of  another.  For  instance,  if  one  spring  has 
a  travel  of  4  in.  and  another  a  travel  of  5  in.,  other  things 
being  the  same,  the  spring  with  the  5-in.  travel  will  ride 
better  than  that  with  4-in.  By  "travel"  is  meant  the 
difference  between  the  height  of  the  spring  as  it  lies  on 
the  floor  and  its  height  under  the  loaded  car.  It  is  the 
distance  it  "travels"  or  deflects  when  its  full  load  is  ap- 
plied. 

G.  R,  Pennington: — I  may  be  mistaken  in  this  but 
I  understand  that  to  get  a  long  period  it  is  the  main 
object  of  a  designer  to  soften  out  the  bumps  if  the  period 
is  long.  This  period  varies  inversely  as  the  square  root 
of  the  pounds  per  inch  deflection.  Therefore,  the  pounds 
per  inch  should  be  small  if  the  period  is  to  be  long  and 
if  the  car  is  to  ride  smoothly.  If  the  number  of  pounds 
per  inch  is  small,  we  should  have  a  great  deflection  in  a 
given  bump.  We  are  limited  in  that,  in  passenger-car 
designs,  by  the  construction  of  the  frame  and  by  the 
amount  of  movement  that  we  permit  the  passenger  to 
have.  That  is  the  real  limitation  as  I  see  it  The  whole 
thing  starts  from  the  total  amount  of  movement  the  body 

•^S.  A.  E.  Transactions,  vol.  12,  part  2,  p.  4.54. 
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can  be  permitted  to  have.  Given  this,  we  want  the  softest 
spring;  having  obtained  such  a  spring,  we  can  hardly 
go  any  further  in  other  variations  because  all  conditions 
have  then  been  established. 

A  Member: — In  the  past  year  I  have  had  the  ques- 
tionable pleasure  of  driving  five  of  the  cheaper  grades 
of  car.  They  all  had  different  styles  of  spring  suspen- 
sion. Aside  from  the  mathematics  of  the  proposition, 
what  contributed  more  to  ease  of  riding  in  my  experience 
was  the  direction  in  which  the  spring  allowed  the  axles 
to  deflect  when  a  bump  was  struck;  in  other  words,  I 
was  interested  as  to  the  length  of  time  it  took  the  axle 
to  move  relative  to  the  body,  and  in  what  direction  it 
moved.  That  has  not  been  mentioned.  It  is  my  expe- 
rience that  the  full  elliptic  springs  give  better  results 
than  any  of  the  other  methods  of  springing. 

F.  C.  Mock: — ^As  one  of  the  previous  speakers  said,  a 
good  basis  for  analysis  of  spring  action  is  the  deflection 
of  the  spring  when  its  normal  load  is  placed  upon  it.  Sup- 
pose we  have  two  springs,  one  of  which  deflects  5  in. 
when  its  normal  load  is  placed  upon  it,  which  is  about 
the  deflection  used  on  the  rear  springs  of  the  higher- 
grade  cars,  and  another  which  goes  down  but  2^^ 
in.,  this  being  typical  of  a  very  stiff  spring  suspension. 
Assume  that  the  cars  carrying  these  springs  in  turn 
strike  a  bump  3  in.  high,  at  such  a  speed  that  the 
first-mentioned  spring  deflects  2  in.  This  leaves  1  in.  * 
of  the  bump,  less  the  tire  and  seat-cushion  action,  which 
the  passengers  will  receive.  If  the  second  spring,  half  as 
flexible,  takes  the  same  bump  at  the  same  speed,  the  spring 
will  deflect  about  half  as  much,  or  1  in.,  leaving  2  in.  of 
bump  for  the  tires,  seat  cushions  and  passengers  to  ab- 
sorb. Thus,  absorption  of  road  shocks  increases  with  a 
high  initial  deflection  of  the  spring  and  requires  room 
for  considerable  travel  between  the  wheel  and  axle  system 
and  the  body.  The  early  coaches  just  mentioned  always 
had  8  in.  or  more  of  clearance  between  running  gear  and 
body. 

Often  important  to  the  purchasing  agent,  there  is  a 
physical  law  that  for  a  given  load  and  given  fiber  stress 
the  weight  of  material  in  springs  must  be  proportional 
to  their  deflection.  As  we  buy  our  springs  on  a  price  per 
pound  basis,  the  5-in.-deflection  spring  just  mentioned 
would  cost  at  least  twice  as  much  as  the  2V^-in.  This  is 
why  the  springs  of  higher  deflection  are  found  on  the 
high-priced  cars. 
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Another  point  of  comparison,  not  always  to  the  ad- 
vantage of  the  large-deflection  spring,  is  the  force  and 
distance  of  reaction.  A  spring  tends,  in  general,  to  give 
back  in  throw  just  as  much  energy  as  is  represented  in 
its  deflection.  In  the  preceding  illustration,  after  the 
5-in.-deflection  spring  has  reached  the  top  of  the  bump, 
it  will  tend  to  throw  back  2  in.  to  reach  a  condition  of 
normal  stress,  and  may  continue  1%  in.  beyond  that;  a 
total  throw  of  3%  in.  The  2i/^-in.-deflection  spring  will 
have  about  1%-in.  throw,  but  this  will  take  place  in  less 
time,  so  that  acceleration  for  some  of  the  passengers  may 
be  of  equal  or  greater  violence.  In  practice  this  rebound 
action  seems  to  constitute  the  limit  on  the  flexibility  of 
springs  that  we  can  use  on  automobiles.  It  seems  that 
there  is  a  certain  amount  of  throw  that  can  be  tolerated, 
possibly  depending  upon  the  ratio  of  sprung  to  unsprung 
weight.  Inasmuch  as  the  stiffness  of  the  spring  for  a 
given  deflection  on  a  given  bump  must  increase  as  the 
square  of  the  speed,  to  hold  the  deflection  and  resulting 
throw  within  reasonable  limits  on  racing  cars,  requires 
very  stiflf  springs. 

In  dropping  into  holes,  the  more  flexible  spring  has 
the  advantage.  Let  us  assume  that  the  car  of  our  pre- 
vious iUustration  reaches  a  depression  in  the  road  2^ 
in.  deep.  If  the  wheel  of  the  2V^-in.-deflection  spring 
should  reach  the  bottom  of  the  hole  before  the  body  falls 
very  far,  the  spring  wiU  be  practically  free,  that  is,  exert- 
ing no  support  upon  the  body  and  the  body  will  fall  with 
the  acceleration  of  gravity  into  the  hole.  If  we  assume 
that  with  the  5-in.-deflection  spring  the  wheel  reaches 
the  bottom  of  the  hole  before  the  body  has  fallen  per- 
ceptibly, the  spring  will  still  be  under  2Vi-in.  compres- 
sion, will  be  exerting  one-half  of  its  normal  sustentation 
against  the  body,  and  the  body  will  tend  to  fall  into  the 
hole  only  half  as  fast.  In  other  words,  when  you  see  a 
car  pass  over  a  choppy  road  with  the  body  steady  but 
the  wheels  jumping  up  and  down  rapidly,  the  springs  of 
that  car  are  relatively  flexible.  With  stiff  springs  the 
car  Will  ride  much  more  roughly. 

As  to  the  matter  of  balance,  most  studies  in  spring 
action  are  confined  to  the  action  of  the  front  or  rear 
springs  individually,  whereas  their  relative  action  has  a 
prominent  effect  as  regards  ease  of  riding.  When  you 
impart  a  shock  to  one  end  of  a  body  whose  mass  is  distrib- 
uted throughout  its  length,  as  in  Fig.  11,  it  takes  up  a  mo- 
tion of  translation  and  of  rotation,  with  the  result  that  the 
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other  end  actually  moves  tovirard  the  shock.  In  an  auto- 
mobile, as  you  will  find  upon  observation,  when  the  front 
end  rises  on  a  bump  the  rear  end  goes  down,  and  the 
amount  of  this  drop  often  determines  the  force  of  the  sub- 
sequent shock  of  this  same  bump  on  the  rear  passengers. 
This  action  is  a  function  of  the  weight  distribution,  as 
will  be  evfdent  from  the  middle  and  bottom  portions  of  the 
accompanying  drawing.  '  Note  the  travel  of  the  points 
a  and  h,  at  which  the  passengers  are  usually  located.  The 
arrangement  in  the  middle  gives  the  easiest  riding  at  the 
point  a,  and  would  be  a  weight  distribution  suitable  for 
a  roadster.  That  at  the  bottom  would  give  much  better 
riding  qualities  in  the  rear  seat  and  almost  as  good  in 
the  front  seat,  but  will  be  more  apt  to  skid  rounding 
corners,  of  course.  The  difference  in  riding  with  these 
different  weight  distributions  is  easily  demonstrated  by 
towing  a  chassis  with  a  weighted  load  which  can  be 
shifted  to  different  points.  - 

Another  point  in  the  interrelation  of  the  front  and 
rear  springs  is  their  periodicity.  If  you  try  to  "teeter" 
the  front  or  rear  end  of  an  automobile,  which  can  be 
done  if  there  are  no  shock  absorbers,  it  will  be  found  that 
each  pair  of  springs  tends  to  oscillate  at  a  definite  rate 
which  will  correspond  pretty  closely  with  the  formula 
already  mentioned. 


1  =  2  IT  Jil 


Time  of  one  oscillation.--  -  -Z^"^*^*^  deflection 


32.2 


Purely  as  a  matter  of  interest,  I  have  made  it  a 
point  to  observe  the  periodicity  of  different  cars  I  have 
encountered  with  exceptional  riding  qualities,  either  good 
or  bad.  What  we  know  as  a  stiff  spring  will  have  a 
frequency  of  140  to  180  vibrations  per  min.  What  is 
generally  known  as  a  long  slow  spring  will  have  a  fre- 
quency of  about  90  vibrations  per  min.  It  is  noticeable 
that  when  the  periodicity  of  the  front  and  of  the  rear 
springs  is  approximately  equal,  the  car  has  a  very  strong 
tendency  to  pitch  and  to  take  up  a  rocking  motion  when 
going  along  the  road.  The  best  riding  cars  seem  to  have 
a  frequency  of  between  85  and  100  vibrations  per  min. 
on  the  rear  springs  and  all  the  way  from  120  to  160  vibra- 
tions per  min.  on  the  front  springs.  Provided  the  un- 
sprung weight  is  not  too  high,  the  spring  action  is  re- 
tained within  bounds  by  bumpers  and  recoil  checks  and 
the  load  distribution  is  reasonably  good,  I  believe  that 
120  to  130  vibrations  per  min.  of  the  front  spring  (this 
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is  a  fairly  soft  front  spring  and  it  is  necessary  that  the 
steering  length  be  laid  out  so  that  the  motion  of  the  front 
springs  does  not  steer  the  car  from  side  to  side)  and  85 
to  90  vibrations  per  min.  under  full  load  for  the  rear 
spring,  will  give  the  best  riding  qualities  over  an  average 
of  all  conditions  of  use. 

F.  Jbhle: — I  am  wondering  whether  the  relation  be- 
tween sprung  and  unsprung  weight  has  been  given  all 
the  consideration  it  deserves  in  this  spring  problem.    It 


/^" 


/ 


iMPACT 


wiy/////////////J^ 


iMPACT 


r- 


ii^--4^ 


W////////////////////////^^^^^ 


JMPACT 

Pia.   11 — Eppkct  op  Imparting  a  Shock  to  One  End  of  a  Body 
Whosb  Mass  Is  Distributed  throughout  Its  Length 
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seems  to  me  that  the  wheel  can  be  considered  as  a  cam 
foUower.  The  flat  surface  of  the  road  is  the  base  circle 
of  the  cam  action,  and  the  bump  in  it  is  the  cam.  With 
a  given  v^eight  to  accelerate,  which  is  the  unsprung 
weight,  we  must  put  on  top  of  that  a  certain  weight  to 
hold  it  down,  to  make  it  follow  the  road.  That  force  will 
be  represented,  I  believe,  by  the  sprung  weight  of  the 
car.  I  do  not  wish  to  return  to  the  acceleration  problem 
but,  neglecting  the  portion  of  the  energy  absorbed  by  the 
rubber  tire,  which  of  course  is  wrong,  I  am  inclined  to 
agree  with  Mr.  Favary  that  the  acceleration  forces  are 
extremely  high.  If  this  has  been  worked  out  for  a  cer- 
tain unsprung  weight,  is  there  a  definite  sprung  weight 
which  is  correct?  Having  determined  that,  the  problem 
of  the  spring-maker  would  be  to  make  a  spring  to  go  in 
between  the  two  pieces,  and  be  flexible  enough  to  take 
care  of  the  bumps. 

H.  M.  Crane: — Several  of  the  speakers  have  brought 
into  the  discussion  an  element  that  has  not  been  sufii- 
ciently  considered,  the  longitudinal  shocks  caused  in  a 
chassis  by  meeting  obstructions  on  the  road.  RecaUing 
Mr.  Favary's  sketch  in  which  he  figured  the  cliange  in 
velocity  of  the  rear  axle,  we  must  realize  that,  to  change 
that  velocity,  not  only  would  a  vertical  component  be 
required,  but  also  a  horizontal  component  working  with 
it.  In  other  words,  if  we  have  a  car  in  which  the  axle 
is  attached  to  the  chassis  with  no  spring  whatever  in 
a  horizontal  direction,  where  there  is  no  spring  in. any 
of  the  parts,  none  at  the  tire,  and  none  in  the  bump 
that  is  hit,  it  would  be  impossible  for  the  car  to  proceed 
beyond  that  bump  until  the  axle  had  surmounted  it.  I 
think  that  any  figures  as  to  the  shocks  that  would  occur 
under  those  conditions  would  be  astounding. 

Of  course,  like  many  other  things  on  the  road,  we  leave 
it  to  the  tires  to  take  care  of  that  element,  or  we  have 
left  it  so  to  a  large  extent.  But  from  time  to  time  there 
have  been  sprihg  arrangements,  like  the  full  elliptic 
spring  or  the  front  semi-elliptic  set  at  a  slope  in  which 
the  axle  is  allowed  to  recede  on  rising,  that  have  helped 
to  a  certain  extent.  But  none  of  them  has  helped  as  much 
■as  would  some  arrangement  allowing  the  axle  to  move 
against  spring  pressure,  not  in  a  vertical  line  but  in  a 
line  rising  toward  the  rear,  and  not  as  in  most  cases  on 
an  arc  of  a  circle  swinging  around  a  pivot.  The  full 
elliptic  spring,  due  to  its  height  and  the  possibility  of 
bending  under,  has  in  a  way  provided  this  condition.  There 
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is  still  a  third  point,  the  lateral  vibrations  which  have 
been  too  little  considered  and.  which  again  a  full  elliptic 
spring  has  helped  a  great  deal.  The  car  proceeding  down 
the  road  encounters  unequal  obstructions  on  the  two  sides ; 
the  axle  is  forced  to  take  positions  angular  to  the  body 
center,  instead  of  parallel  with  it.  In  practically  all 
spring  suspension,  the  attempt  to  take  those  positions 
results  in  side-thrusts  in  the  chassis  frame,  which  may 
become  very  severe.  The  full  elliptic  spring,  as  can 
readily  be  seen,  being  8  to  10  in.  high  from  the  point 
of  support  on  the  axle  to  the  point  of  support  on  the 
frame,  and  being  relatively  weak  sideways  due  to  the 
narrow  leaves,  gives  an  excellent  cushion  for  this  type  of 
shock.  The  prevailing  type  of  flat  semi-elliptic  spring 
with  wide  leaves  is  about  the  worst  kind  of  construction 
that  we  can  use  in  this  regard.  Unless  something  is  done 
in  the  method  of  attaching  the  spring  to  the  chassis 
frame,  we  will  develop  an  entirely  new  kind  of  vibration 
that  is  far  from  comfortable.  If  Dr.  Liebowitz  can  add 
some  elements  to  his  apparatus  to  take  in  these  other 
vibrations,  he  will  have  made  further  progress. 

E.  Fa  vary: — To  answer  the  remarks  of  Mr.  Crane  it 
is  very  important  to  consider  the  horizontal  motion  of 
the  axle  when  it  is  impelled  upward.  I  believe  I  have 
mentioned  that  in  my  paper,  and  shown  that  the  accel- 
eration can  be  reduced,  if  means  are  permitted  to  allow 
the  axle  to  move  backward.  In  practice,  as  Mr.  Crane 
mentioned,  one  method  is  to  slope  the  spring,  have  the 
front  spring-eyes  higher  than  the  rear.  Another  method 
would  be  to  attach  the  front  eye  rigidly  and  shackle  the 
rear  end;  this  would  permit  a  slight  backward  motion 
of  the  axle,  when  the  clearance  between  the  latter  and 
the  body  is  decreased. 

Dr.  H.  C.  Dickinson: — It  seems  unfortunate  that  a 
problem  which  is  essentially  so  simple  should  be  appar- 
ently^ so  very  complex.  There  are  two  elementary  func- 
tions to  be  performed  by  the  spring  suspension.  The 
springs  separate  a  rear  axle  and  wheel  system  from  the 
body.  It  is  important  that  the  wheels  remain  on  the 
ground  as  much  as  possible.  They  must,  therefore,  fol- 
low the  irregularities  of  the  road  and  to  do  this  the  period 
of  vibration  of  the  wheel  referred  to  the  body  should  be 
as  rapid  as  possible.  On  the  other  hand,  the  body  is 
required  to  have  the  least  possible  vertical  motion;  its 
period  of  vibration  with  reference  to  the  wheels  on  the 
ground  should  be  as  slow  as  possible.    This  means  the 
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lightest  possible  axle  and  wheel  system  to  respond  quickly 
to  road  irregularities  and  -the  longest  practicable  initial 
deflection  of  the  springs  to  give  the  body  as  slow  a  period 
as  possible.  It  seems  to  me  that  Dr.  Liebowitz  has  de- 
signed an  ideal  spring  suspension.  This  supports  the 
contention  that  really  the  fundamental  thing  is  to  have 
a  considerable  deflection  of  the  springs  to  start  with. 

There  is  another  point,  however,  which  I  believe  is 
worthy  of  some  discussion.  Dr.  Liebowitz  has  brought 
up  a  contention  which,  if  sustained,  is  such  an  absolutely 
fundamental  contradiction  of  all  that  we  know  about 
elastic  bodies  that  I  would  like  to  hear  further  opinion 
on  the  subject.  We  have  studied  springs,  as  he  says,  for 
the  last  several  hundred  years,  and  know  something  about 
elastic  hysteresis  and  so  forth.  Now  elastic  hysteresis 
exists  and  springs  do  change  their  characteristics  after 
repeated  stress,  but  the  changes  so  far  as  we  know  are 
extremely  small  and  it  seems  to  me  that  he  requires  for 
the  action  which  he  has  stated  a  sudden  change,  that  is, 
a  broken,  irregular  change  in  the  resilience  of  the  spring 
amounting  to  about  100  per  cent  of  its  original  stiffness. 
If  that  is  the  case,  it  is  absolutely  contrary  to  our  expe- 
rience, because  the  changes  in  all  these  experiments 
which  he  has  cited  are  usually  of  the  order  of  a  few 
parts  in  ten  thousand,  and  none  of  them  much  greater, 
I  believe.  Moreover,  springs  are  used  for  various  pur- 
poses. For  instance,  the  spring  is  used  as  a  torsion  sus- 
pension where  the  force  is  determined  by  the  torsion  of  a 
spring  wire  and  such  suspensions  are  used  at  various  am- 
plitudes and  in  various  ways.  These  things  have  been 
experimented  upon  for  many  years  and  found  to  give 
very  consistent  results,  and  no  irregularities  in  their 
action  resembling  those  shown  by  Dr.  Liebowitz  have 
ever  been  discovered  so  far  as  I  know.  Their  restoring 
force  has  changed  somewhat  in  some  cases,  but  always 
in  a  smooth  curve,  not  an  irregular  one.  This  same  thing 
is  true  of  weighing  mechanisms  which  involve  very  stiff 
springs  under  very  heavy  initial  load,  and  in  a  great  many 
other  cases  which  I  could  cite,  where  the  action  of  springs 
under  both  repeated  stress  and  otherwise  has  been  deter- 
mined. We  use  them  in  our  watches  for  hairsprings  and 
the  action  of  the  steel  is  under  repeated  stress,  even  under 
stresses  which  are  not  very  small.  The  behavior  of  these 
springs  is  always  very  consistent  when  we  consider  mag- 
nitudes of  several  per  cent.  In  fact  the  consistency  of 
the  hairspring  of  a  watch  is  a  remarkable  example  of 
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exact  repetition  of  behavior  which  is  hard  to  duplicate. 

Me.  Schaff: — I  fully  Agree  with  Dr.  Dickinson  in 
regard  to  this  phenomenon  of  spring  fatigue  after  a 
short  period.  I  think  we  should  be  careful  about  going 
on  record  as  to  any  phenomenon  of  that  kind.  As  far  as 
I  know,  it  takes  a  long  period  of  constant  use  to  fatigue 
steel.  It  is  a  more  complex  question  than  one  of  short 
use  and  complete  recovery  afterward. 

J.  S.  MacGregor: — The  question  of  fatigue  for  grad- 
ual fracture  of  metals  subjected  to  alternate  stresses  as 
well  as  the  question  of  their  hysteresis  is  always  of  great 
interest  to  automotive  engineers.  A  few  years  ago  I 
conducted  a  number  of  experiments  upon  several  steel 
bars.  These  bars  had  never  been  subjected  to  stress  pre- 
vious to  tests,  other  than  stresses  which  result  from  nor- 
mal handling  subsequent  to  fabrication.  The  testing  pro- 
cedure was  as  follows:  A  gage  length  was  laid  off,  the 
bar  subjected  to  a  load  well  within  the  elastic  limit  and 
the  elongation  read.  The  load  was  then  released,  the  set 
read  and  the  rate  of  recovery  observed.  It  was  found 
that,  regardless  of  the  time  a  bar  was  allowed  to  rest, 
recovery  to  the  original  gage  length  was  never  complete. 
A  new  gage  length  was  then  laid  off  and  the  above  cycle 
or  partial  cycle  repeated;  the  new  set  was  observed  to 
be  less  than  the  first  and  the  rate  of  recovery  although 
not  complete  was  more  rapid.  It  was  observed  that  the 
set  decreases  in  magnitude  and  that  the  rate  of  recovery 
increases  with  each  succeeding  cycle,  until  ultimately  the 
recovery  is  complete  and  its  rate  rapid  and  practically 
constant. 

These  experiments  indicate  that  sound  steel  becomes 
more  and  more  truly  elastic  under  repeated  stress,  the 
structure  apparently  becoming  oriented  or  trained  to  a 
certain  range  of  load  reversal.  It  would  seem,  therefore, 
that  a  spring  should  improve  in  service,  if  not  overloaded, 
and  I  am  surprised  at  the  author's  statement  concerning 
lapses  in  recovery  when  repetitions  of  stress  in  a  spring 
are  rapid  and  continuous. 

W.  C.  Baker: — Contrary  to  Dr.  Liebowitz'  statement 
in  regard  to  believing  that  the  elasticity  has  been  reduced, 
it  seems  to  me  it  has  been  increased;  that  is,  it  has  a 
greater  property  of  elasticity  after  it  has  been  continu- 
ally vibrated. 

Reverting  to  the  matter  of  unsprung  load,  I  believe 
that  the  automobile  with  its  rapid  speed  is  an  entirely 
different  problem  from  the  ordinary  horse-drawn  vehicle 
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at  slow  speed.  The  greatest  gain  in  the  riding  quality 
of  an  automobile  can  be  obtained  by  reducing  the  per- 
centage of  unsprung  load.  At  high  speeds  the  inertia 
of  the  axles  and  wheels  is  so  great  that  their  amplitude 
is  far  beyond  the  variation  due  to  obstructions  in  the 
road.  The  increased  motion  is  partially  imparted  to  the 
sprung  load,  causing  extreme  bouncing.  It  is  very  hard 
to  get  springs  that  will  ride  easily  over  cobblestones  at 
slow  speeds  and  at  the  same  time  ride  well  at  high  speeds, 
particularly  with  cars  having  a  low  ratio  of  unsprung 
load  to  sprung  load.  Reducing  the  unsprung  load  is  our 
principal  problem.  The  ideal  would  be  unsprung  load, 
zero,  no  weight  whatever.  The  nearer  we  approach  such 
a  condition,  that  is,  the  less  the  percentage  of  unsprung 
load  to  sprung  load,  the  easier  it  will  be  to  make  an  auto- 
mobile ride  well  at  high  speeds. 

F.  E.  MosKOVics: — In  the  Vanderbilt  Cup  racing  days 
we  had  a  car  weighing  2204  lb.  Sometimes  we  had  to 
shave  the  tires  to  get  down  to  that  weighty  but  that  is 
what  the  car  weighed.  I  believe  that  no  cars  are  raced 
today  over  rough  tracks  like  the  old  Vanderbilt  course; 
there  is  no  modern  race  course  like  it.  The  record  Lancia 
made,  up  to  the  tiine  he  was  wrecked  on  Long  Island,  has 
not  yet  been  approached.  His  car  had,  perhaps,  the  light- 
est unsprung  weight  of  any  car  I  have  ever  seerf  in  a 
race;  it  had  a  solid-axle  and  was  chain-driven.  In  regard 
to  balance,  I  remember  that  when  the  first  foreign  cars 
came  over,  the  foreign  racing  men  would  place  their  cars 
on  the  scales  and  weigh  them  very  carefully  with  the. 
front  and  the  rear  ends  loaded,  including  themselves,  to 
get  exact  balance  between  the  front  and  the  rear  end. 
They  watched  every  relation  between  the  unsprung  and 
the  sprung  v^reights.  Last*  year,  in  California,  these 
things  came  back  to  my  mind  when  one  of  the  contestants 
in  the  Santa  Monica  race  objected  very  seriously  to  the 
course  because  there  was  a  bump  in  the  road  that  raised 
him  up  5  in.  when  he  was  going  90  m.p.h.  I  know  that 
Lancia  was  going  120  m.p.h.  over  the  rough  Vanderbilt 
course,  averaging  79  m.p.h.  That  was  over  ten  years  ago 
and  it  was  possible  simply  because  he  had  the  best  bal- 
anced car  that  ever  entered  the  Vanderbilt  Cup  races. 

Mr.  Tillson  : — The  question  was  raised  as  to  fatiguing 
materials,  and  two  diverse  views  were  expressed,  which 
might  possibly  have  been  correlated.  In  the  case  of  the 
springs  considered  we  are  thinking  of  sudden  application 
and  reversal  of  forces  upon  metal,  a  rapid  acceleration 
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from  one  state  to  another  state.  In  the  other  case,  an  ex- 
ample might  be  given  to  illustrate  the  remarks  of  a  later 
speaker  who  called  attention  to  the  fact  that  springs  can 
be  used  over  long  periods  of  time,  involving  the  consid- 
eration of  the  well-known  torsion-pendulum  clock  in  which 
a  mass  oscillates  around  a  vertically  suspended  slight 
spring.  Such  a  spring  undoubtedly  makes  the  reversal 
of  stress  many  millions  of  times  before  it  fails  by  fatigue. 
I  have  one  of  those  clocks  that  has  been  running  for 
twelve  years,  and  I  never  had  the  spring  fail  from  fatigue, 
but  the  function  of  the  pendulum  is  to  assume  gradually 
a  state  of  rest  and  to  be  stressed  gradually  in  the  opposite 
direction.  On  the  other  hand,  if  we  consider  the  stresses 
applied  in  the  rock-drilling  art,  in  which  pneumatic  tools 
strike  a  bar  of  drill  steel  possibly  1500  times  per  min., 
any  of  the  blows  of  which  is  far  less  than  the  elastic 
limit  of  the  metal  of  the  drill  steel,  we  find  that  within 
a  short  period  of  time  that  steel  will  fail.  The  nature 
of  the  failure  i§  very  certain ;  the  appearance  of  the  frac- 
ture will  be  conchoidal;  it  will  show  a  growth  from  a 
small  point  of  fracture,  by  gradually  expanding  layers 
such  as  we  see  in  shell,  to  its  final  rupture  of  the  entire 
section  of  the  steel.  That  is  an  instance  of  suddenly 
applied  stresses  in  a  metal  which  cause,  as  has  been  indi- 
cated by  microscopic  examinations,  a  gradual  weakening 
of  the  bonds  of  the  molecules  of  the  material.  They  form 
initially  what  is  known  to  the  metallurgists  as  "slip 
planes."  These  are  planes  of  fracture  through  the  mole- 
cules which  are  so  microscopic  as  to  be  lost  in  general, 
but  can  be  determined  if  a  specimen  is  polished  prior  to 
being  subjected  to  the  stresses. 

The  same  thing  was  demonstrated  six  or  seven  years 
ago  by  the  investigations  of  Dr.  Dudley  into  the  failure 
of  rails  for  steam  railroads;  the  pounding  of  the  car 
wheels  on  those  rails  causes  them  to  fail;  the  fractures 
are  exactly  similar  to  those  which  I  mentioned  in  regard 
to  drill  steel.  The  fact  that  we  can  run  a  clock  spring 
for  years  with  millions  of  reversals  of  stresses  does  not 
indicate  that  we  can  expect  the  same  service  from  another 
spring  which  is  given  suddenly  applied  stresses. 

Mr.  Crane  : — I  have  ridden  in  the  Knox  single-cylinder 
air-cooled  automobile,  long  ago,  which  used  the  old  Gon^ 
cord  wagon  spring,  the  springs  being  even  more  con- 
tinuous than  they  were  in  the  Olds  curved-dash  run- 
about. In  fact,  the  rigid  points  of  attachment  could  not 
have  been  over  18  in.  apart.    The  action  of  that  car  re- 
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duced  to  an  absurdity  the  claim  made  for  the  long  spring- 
base,  because  it  was  a  car  with  possibly  a  90-in.  wheelbase 
that  had  actually  a  springbase  of  18  in.  And  it  was  an 
extremely  good  riding  car,  due  to  the  fact  that  it  had 
unusually  soft  springs  for  that  day  and  correspondingly 
slow  movement. 

Dr.  Benjamin  Liebowitz: — Spring  suspensions  have 
always  been  a  prolific  source  of  discussion,  and  many 
papers  have  been  written  upon  the  subject.  The  problem 
is  very  evasive,  much  more  so  than  a  casual  view  of  it 
would  indicate.  For  example,  a  company  which  has  been 
using  semi-elliptic  springs  will  change  to  three-quarter 
elliptic  one  year,  to  platform  springs  the  next  and  then 
back  to  semi-elliptics.  This  summarizes  the  history  of 
spring  experiment  and  development  with  many  auto- 
mobile  manufacturers.  The  difficulty  is  simply  that  we 
have  hitherto  been  unable  to  pin  down  the  exact  defect 
in  the  present  type  of  suspension.  It  was  a  long  time 
before  I  found  out  just  what  this  defect  is  and  I  sup- 
pose it  will  also  take  some  time  before  the  automotive 
industry,  as  a  whole,  actually  realizes  it. 

We  started  our  work  with  the  assumption  that  spring 
steel  is  imperfectly  elastic  to  a  sufficient  extent  to  give 
hard  riding.  Our  first  experiments  in  the  laboratory  in 
1915  showed  that  this  is  not  the  case  when  the  spring  is 
new.  These  first  experiments  showed  very  clearly,  how- 
ever, that  a  radical  change  came  over  the  spring  after 
several  hours  of  hard  running  in  the  laboratory,  where 
conditions  were  much  more  severe  than  would  be  encoun- 
tered under  ordinary  road  conditions.  We  did  not  realize 
the  significance  of  this  result,  however,  until  after  our 
later  experiments  with  trucks. 

The  claim  has  often  been  made  that  whatever  change 
comes  over  the  springs  is  due  to  inter-leaf  friction,  or 
friction  in  the  shackles,  etc.  Quantitative  analysis  shows, 
however,  that  this  cannot  be  the  case  when  the  springs 
have  become  so  imperfectly  elastic  as  to  cause  accelera- 
tions of  1^/^  times  the  force  of  gravity  in  going  over  a 
comparatively  small  bump.  If  the  spring  had  functioned 
with  perfect  elasticity  in  this  particular  case,  the  accelera- 
tion would  have  been  about  30  per  cent  of  the  force  of 
gravity;  inter-leaf  friction,  if  it  were  causing  the  re- 
mainder of  the  acceleration,  would  have  to  so  stiffen  the 
spring  that  it  would  not  move  until  a  force  equal  to  1.2 
times  the  load  carried  was  applied.  We  know  that  such 
magnitudes  of  inter-leaf  friction  do  not  exist,  even  if  a 
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spring  is  rather  badly  rusted.  Ordinarily,  the  inter-leaf 
friction  may  be  as  high  as  20  per  cent  of  the  load  carried. 
If  we  assume  the  friction  to  be  as  high  as  20  per  cent, 
then  the  total  acceleration  due  to  friction  and  to  the 
spring  displacement  would  be  V^.  of  gravity  in  the  case 
in  point.  Actually,  on  a  new  bus,  we  did  get  about  y^ 
of  gravity,  but  on  an  old  bus  we  got  xy^  times  gravity. 
Where  did  this  large  additional  acceleration  come  from? 

We  have  been  devoting  much  study  to  this  question  and 
find  that  the  high  accelerations  are  due  to  the  imperfec- 
tions in  the  elasticity  of  the  steel,  which  are  brought  on 
by  fatigue.  Many  points  that  have  a  bearing  on  this 
matter  have  been  brought  out  in  scientific  literature. 
I  wish  to  point  out  very  clearly,  however,  that  this  ques- 
tion of  fatigue  has  nothing  to  do  with  balance  springs  or 
watch  springs  or  springs  which  are  ordinarily  used  for 
measuring  purposes,  because  in  such  cases  the  stresses 
are  very  low  and  the  frequencies  are  either  extremely 
low,  or  regular,  or  both.  In  the  case  of  vehicle  springs, 
however,  we  deal  with  high  stresses  of  a  rapid  and  irreg- 
ular character.  Anyone  who  has  attempted  to  calibrate 
a  steel  spring  or  bar  for  purposes  of  measurement,  using 
high  stresses,  can  testify  to  the  highly  irregular  character 
of  the  results  obtained. 

I  wish  to  raise  one  other  question  at  this  time,  the 
possible  effect  of  recovery.  I  have  no  proof  as  yet  that 
recovery  plays  any  important  part  in  this  matter,  but 
there  is  some  fairly  good  evidence  that  it  does.  It  is  a 
very  common  experience  to  go  out  on  a  day's  drive  on 
a  fine  morning,  with  the  car  riding  splendidly,  but  after 
driving  for  a  number  of  hours  the  car  seems  to  ride  very 
hard  and  the  passengers  get  tired  through  and  through. 
Of  course,  we  have  always  attributed  this  phenomenon 
to  bodily  fatigue,  but  I  am  not  at  all  sure,  in  view  of 
some  of  our  more  recent  experiences,  that  spring-fatigue 
may  not  have  something  to  do  with  it.  Dr.  Dickinson 
spoke  of  observed  changes  of  the  order  of  tenths  of  a 
per  cent,  or  less,  in  steel's  elasticity.  Permit  me  to  call 
attention  to  the  fact  that  even  with  the  low  stresses 
and  low  frequencies  which  Dr.  Mason  used,  he  observed 
changes  of  the  order  of  10  or  15  per  cent  in  the  ampli- 
tude of  vibrations  for  a  given  applied  force. 

Turning  now  to  some  of  the  other  points  whcih  have 
been  raised  in  the  discussion,  other  methods  for  measur- 
ing the  vibrations  of  vehicle  bodies  have  been  cited.  I 
believe  I  mentioned  most  of  these  in  the  body  of  the 
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paper.  There  is  one,  however,  which  is  new  to  me,  the 
use  of  an  elastic  system  having  a  very  short  period 
compared  with  the  period  of  the  body  vibrations,  and 
observing  the  motion  of  this  system  through  a  micro- 
scope. It  seems  hardly  possible,  however,  that  accurate 
reliable  data  can  be  obtained  by  this  method.  On  the 
other  hand,  the  use  of  the  seismograph  gives  a  full-size 
accurate  visualization  of  the  body  vibrations,  and  an 
analysis  of  the  curves  gives  the  acceleration  at  any  de- 
sired point.  The  seismograph  can  be  used  on  any  roads 
under  all  conditions,  and  to  my  mind  is  far  more  prac- 
ticable than  the  optical  methods.  In  fact,  that  was  the 
whole  reason  for  developing  it. 

The  question  of  springbase  versus  wheelbase  was 
raised.  I  have  tried  to  indicate  in  the  paper,  using  the 
simplest  physical  conceptions,  why  the  distance  on  the 
frame  between  spring  anchorages  does  not  affect  the 
riding  qualities;  only  the  actual  wheelbase  itself  does 
this.  As  I  have  already  indicated,  this  conclusion  can 
be  reached  most  simply  by  considering  the  matter  from 
the  standpoint  of  the  quality  of  action  and  reaction. 
Perhaps  the  best  experimental  proof  is  the  case  cited  by 
Mr.  Crane,  of  the  old  runabout  which  employed  a  con- 
tinuous spring  running  from  front  to  rear,  in  which  the 
effective  distance  between  the  spring  anchorages  on  the 
frame  was  about  18  in. 

A  number  of  other  questions  were  raised,  such  as  the 
effect  of  unsprung  weight,  fore-and-aft  flexibility  and  the 
balance  of  the  car.  These  matters  are  rather  outside 
the  intended  scope  of  my  paper.  The  primary  object  of 
it  was  to  point  out  the  methods  available  for  measuring 
vehicle  vibrations  and  to  incorporate  a  sufficient  amount 
of  the  theory  involved  to  enable  a  proper  interpretation 
of  the  measurements  to  be  made. 
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THE  VELOCITY  OF  FLAME  PROPAGA- 
TION IN  ENGINE  CYLINDERS 

By  Donald  MacKenzie*  and  R  K  Honaman^ 

Flame  propagation  has  received  much  attention,  but 
few  results  directly  applicable  to  operating  conditions 
have  been  obtained.  The  paper  describes  a  method  de- 
vised for  measuring  the  rate  of  flame  propagation  in 
gaseous  mixtures  and  some  experiments  made  to  co- 
ordinate the  phenomena  with  the  important  factors 
entering  into  engine  operation;  it  depends  upon  the 
fact  that  bodies  at  a  high  temperature  ionize  the  space 
about  them,  the  bodies  being  either  inert  substances  or 
burning  gases.  Experiments  were  made  which  showed 
that  across  a  spark-gap  in  an  atmosphere  of  compres3ed 
gas,  as  in  an  engine  cylinder,  a  potential  difference 
can  be  maintained  which  is  just  below  the  breakdown 
potential  in  the  compressed  gas  before  ignition  but 
which  is  sufficient  to  arc  the  gap  after  ignition  has 
taken  place  and  the  flame  has  supplied  ionization. 
These  experiments  and  the  recording  of  the  results  pho- 
tographically are  described.  The  «park  chronograph, 
an  instrument  desigrned  to  replace  the  oscillograph  used 
in  these  experiments,  is  also  described  and  its  advan- 
tages stated.  The  results  «o  far  obtained  prove  the 
fundamental  idea  that  a  voltage  sufficient  to  arc  a  gap 
ionized  by  the  ignition  flame  is  not  large  enough  to 
break  down  the  compressed  gas.  A  study  of  turbu- 
lence and  knocking,  using  this  method,  concludes  the 
paper. 

Among  the  important  phenomena  occurring  in  the 
gas  engine  which  are  of  interest  from  the  point  of 
view  of  physicists  and  engineers  alike,  probably  none 
has  received  so  much  attention  as  flame  propagation 
with  the  accumulation  of  so  few  results  directly  appli- 
cable to  operating  conditions.  Engine  performance 
is  very  greatly  influenced  by  the  manner  in  which  the 
pressure  in  the  cylinder  rises  after  ignition  has  taken 
place  and  burning  progresses.    In  fact,  the  efficient  use 
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of  the  chemical  energy  of  the  gas  depends  among  other 
things  upon  timing  the  ignition  with  relation  to  the 
position  of  the  piston  so  that  a  maximum  amount  of 
the  chemical  energy  is  transformed  into  mechanical  en- 
ergy at  the  crankshaft.  Moreover,  the  rate  of  rise  of 
pressure  is  determined  by  the  rate  at  which  the  flame 
spreads  through  the  gaseous  mixture. 

This  paper  describes  a  method  which  has  been  de- 
vised for  measuring  the  rate  of  flame  propagation  in 
gaseous  mixtures  and  some  experiments  which  have 
been  made  to  coordinate  the  phenomena  with  the  im- 
portant factors  entering  into  engine  operation.  The 
method  used  depends  upon  the  fact  that  bodies  at  a 
high  temperature  ionize  the  space  about  them.  These 
hot  bodies  may  be  inert  substances  or  burning  gases. 
For  example,  the  flame  in  an  engine  cylinder  constitutes 
such  an  ionizing  agent.  A  spark-gap  when  bathed  by 
the  flame  becomes  a  conducting  medium  and  permits 
the  discharge  of  a  condenser,  the  terminals  of  which 
are  connected  to  the  electrodes  of  the  spark-plug. 

To  make  use  of  this  phenomenon  in  the  engine  cylin- 
der, experiments  were  made  which  showed  that  across 
a  spark-gap  in  an  atmosphere  of  compressed  gas,  such 
as  that  in  an  engine  cylinder,  a  potential  difference  may 
be  maintained  which  is  just  below  the  breakdown  po- 
tential in  the  compressed  gas  before  ignition,  but  which 
is  suflfcient  to  arc  the  gap  after  ignition  has  taken  place 
and  the  flame  has  supplied  ionization. 

A  cylinder-head  in  which  the  velocity  is  to  be  meas- 
ured is  arranged  to  take  three  spark-plugs  Nos.  1,  2 
and  8,  all  placed  above  the  dead-center  position  of  the 
piston.  Plugs  Nos.  2  and  8  are  connected  to  a  source 
of  comparatively  high  electrical  potential  just  before 
current  for  ignition  is  supplied  to  phig  No.  1.  At  the 
high  pressure  existing  in  the  cylinder  during  the  latter 
part  of  the  compression  stroke,  these  gaps  will  not  al- 
low discharge.  However,  when  the  charge  is  ignited 
at  plug  No.  1,  flame  spreads  out  in  all  directions  and 
ionizes  the  gas  in  gaps  Nos.  2  and  3,  permitting  current 
from  the  source  to  discharge  through  them.  By  suitably 
connecting  a  recording  device  to  register  the  instants 
when  the  igniting  current  is  supplied  to  plug  No.  1  and 
gaps  Nos.  2  and  3  are  ionized,  and  by  determining 
therefrom  the  time  required  for  flame  to  travel  between 
plugs  Nos.  1  and  2,  and  Nos.  1  and  3,  the  average 
velocity  of  the  flame  between  these  points  is  obtained. 
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Fig.  1 — One-Ctlindbr  Liberty  Engine 

How  THE  Experiments  Were  Conducted 

The  experimental  work  was  done  on  a  one-cylinder 
Liberty  engine,  shown  in  Fig.  1.  Fig.  2  is  a  complete 
wiring  diagram  of  the  electrical  apparatus  connected 
with  the  engine.  In  general  it  may  be  divided  into 
three  parts.  The  first  is  a  standard  Delco  ignition  sys- 
tem as  supplied  for  use  on  Liberty  engines.  This  in- 
cludes two  separate  coils,  a  generator  and  a  battery. 
The  second  is  an  arrangement  of  condensers  and  re- 
sistors that  are  used  for  determining  the  instant  when 
the  flame  arrives  at  the  observing  spark-plugs.  The 
third  is  a  selector  switchboard  through  which  either  of 
the  two  ignition  coils  and  either  of  the  two  condensers 
can  be  connected  to  any  one  of  the  three  spark-plugs, 
thus  making  the  system  entirely  flexible  and  permitting 
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any  plug  to  be  changed  at  will  from  an  igniting  plug 
to  an  observing  plug. 

The  part  of  this  set-up  with  which  we  are  most  con- 
cerned is  the  second  part.  Fig.  3  shows,  simplified  and  on 
a  larger  scale,  the  system  of  condensers  and  resistors 
used  for  observing  the  instant  of  arrival  of  the  flame. 
In  this  figure  is  shown  a  100  to  6000-volt  transformer 
which  supplies  the  charge  to  condenser  c,  through  a 
kenotron  rectifying  valve,  high  resistance  r^  and  an- 
other rectifying  valve  v.    The  condenser  c,  is  similarly 
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FiQ.  3 — Condensers  and  Resistors  for  Obsbrvinq  Instant  of 
Flame  Arrival 


charged  through  resistance  r^  and  the  valve  asso- 
ciated with  that  circuit.  The  oscillograph  vibrator,  con- 
nected to  the  engine  laboratory  through  a  600-ft.  trans- 
mission line,  is  permanently  in  series  with  these  two 
condensers.  Furthermore,  the  condensers  are  connected 
through  resistances  r,  and  r«  and  through  the  contact- 
timing  disk  to  spark-plugs  Nos.  2  and  8.  It  Will  be 
noted  that  the  oscillograph  vibrator  is  also  in  series 
with  this  circuit.  A  battery  ignition  system  supplies 
current  to  spark-plug  No.  1.  The  instant  of  ignition 
is  also  recorded  by  the  oscillograph  vibrator  by  a  small 
air-core  transformer.  The  primary  of  this  transformer 
is  connected  in  series  with  the  primary  circuit  of  the 
ignition  system  and  its  secondary  is  in  series  with  the 
oscillograph  vibrator.  When  igniting  current  is  sup- 
plied to  spark-plug  No.  1  by  the  opening  of  the  primary 
contact-maker,  the  sudden  decrease  in  current  in  the 
primary  of  the  air-core  transformer  induces  an  electromo- 
tive force  in  its  secondary  and  causes  a  deflection  of 
the  vibrator.  After  ignition,  the  flame  reaches  plugs 
Nos.  2  and  3  successively,  discharging  at  the  correspond- 
ing instants  condensers  c,  and  c,  through  resistances  r, 
and  T^  and  through  the  oscillograph  vibrator,  producing 
two  successive  deflections  of  the  latter.  The  contact- 
disk,  driven  through  gearing  from  the  camshaft,  serves 
the  purpose  of  connecting  the  condensers  to  their  proper 
spark-plugs  only  after  the  cylinder  pressure  has  be- 
come sufficiently  high  to  insure  against  breakdown  be- 
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fore  ionization  by  the  flame.    The  phase  of  this  disk  is 
adjustable  at  will. 

Resistances  r^  and  r,  are  made  about  forty  to  fifty 
times  larger  than  r,  and  r«  so  that  very  little  current  will 
be  supplied  from  the  alternating-current  source  to  the 
spark-plug  circuit;  also,  that  the  charging  of  condensers 
c^  and  c,  shall  be  accomplished  by  a  small  current  over 
a  comparatively  long  time,  and  that  the  discharge  through 
r,  and  r^  shall  be  effected  by  a  comparatively  large  cur- 
rent over  a  very  short  period,  thus  giving  a  sharp  dis- 
charge signal  on  the  oscillograph  and  charging  signals 
that  are  broad  and  flat.  The  values  are  about  600,000 
ohms  for  r^  and  r„  and  16,000  ohms  for  r,  and  r^.  The 
condensers  have  a  capacity  of  0.0034  mf.  It  was  found 
convenient  to  charge  the  condensers  to  a  potential  of 
about  8000  volts.  Under  these  conditions,  the  initial 
discharge-current  is  about  0.1  amp.,  giving  a  2-cm.  de- 
flection of  the  oscillograph  vibrator.  Moreover,  the  max- 
imum charging 'current  is  not  more  than  0.005  amp., 
which  gives  a  vibrator  deflection  of  less  than  1  mm. 

The  rectifying  valves  serve  to  isolate  the  condensers 
from  each  other  during  the  discharge  period.  It  was 
found  that  if  r,  and  r,  be  directly  connected,  condenser 
No.  2  sometimes  discharges  through  r^  r.  and  r,  into 
spark-plug  No.  2,  so  that  its  potential  is  very  greatly 
reduced  before  ionization  occurs  in  spark-plug  No.  8 
^  and  discharge  can  take  place.  These  rectifying  valves 
allow  charging  to  take  place  freely  but  prevent  any  in- 
teraction of  the  two  discharging  circuits. 

The  discharge  signals  in  the  oscillograph  were  super- 
imposed upon  a  60-cycle  wave  from  an  alternating-cur- 
rent source,  so  that  the  oscillograph  shutter  might  be 
kept  open  for  several  revolutions  of  the  drum  without 
having  the  observations  overlap.  The  effect  of  this  will 
be  shown  in  a  later  figure. 

Recording  the  Results  Photographically 

This  same  set-up  has  also  been  arranged  to  show  on 
the  films  the  instant  when  maximum  pressure  is  reached 
in  the  cylinder.  The  apparatus  for  accomplishing  this 
is  also  shown  in  Fig  3,  which  is  a  skeleton  diagram 
equivalent  to  Fig.  2.  The  contact-maker,  not  shown  in 
Fig.  8,  is  a  diaphragm  and  pin.  One  side  of  the  dia- 
phragm is  exposed  to  the  pressure  of  the  engine  gas 
and  the  other  side  to  a  controllable  static  pressure.      The 


Digitized 


by  Google 


I 

o 


! 
I 


305 


Digitized 


by  Google 


306  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS     . 

static  pressure  is  raised  so  that  at  no  time  during  the 
engine  cycle  does  the  diaphragm  make  contact.  It  is 
then  gradually  lowered  until  contact  is  made  during  one 
short  interval  in  each  cycle,  as  shown  by  a  click  in  the 
telephone  receiver.  This  is  obviously  during  the  instant 
of  maximum  pressure.  Current  from  a  small  battery, 
not  shown  in  Fig.  3,  then  flows  during  this  short 
interval,  adding  another  excursion  of  the  oscillo- 
graph vibrator.  This  permits  a  determination  of  the 
instant  of  maximum  pressure  in  relation  to  the  piston 
position.  A  complete  description  of  the  indicator  is 
given  on  page  821  of  this  volume. 

Fig.  4  shows  the  type  of  record  that  was  obtained. 
The  first  excursion  of  the  vibrator  occurred  when  tb« 
ignition  current  was  supplied  through  the  air-core  trans- 
former to  spark-plug  No.  1,  and  as  spark-gaps  Nos.  2 
and  3  were  ionized  and  condensers  c^  and  c,  discharged 
through  them,  the  second  and  the  third  excursions  were 
made.  The  frequency  of  the  alternating-current  wave 
is  known  and  consequently  the  time  between  ignition 
and  each  of  the  excursions  can  be  determined.  Fig.  4 
does  not  show  the  type  of  record  obtained  for  the  max- 
imum-pressure determination,  but  the  apparatus  can  be 
designed  so  that  an  additional  record  is  obtained  at  the 
instant  of  maximum  pressure. 

The  three  waves  were  traced  during  three  successive 
revolutions  of  the  drum  and  the  speed  was  adjusted 
so  that  the  observed  displacement  was  obtained.  The 
first  excursion  shows  the  instant  that  current  is  sup- 
plied to  the  igniting  spark-plug;  the  second  and  third 
excursions  indicate  the  succeeding  instants  when  ioniza- 
tion takes  place  in  the  observing  plugs.  It  might  be 
noted  that  the  ignition  signal  is  made  up  of  several 
oscillations;  these  are  probably  caused  by  the  fact  that 
the  rate  of  change  of  the  primary  current  of  the  igni- 
tion system  is  fluctuating,  giving  variations  in  the  volt- 
age in  the  secondary  of  the  air-core  transformer. 

To  release  the  oscillograph  for  other  investigations, 
an  instrument  has  been  designed  to  replace  it  for  this 
work.  The  new  recording  device  may  be  known  as  a 
spark  chronograph.  This  consists  of  a  cylinder  of  elec- 
trical insulating  material  containing  brass-ring  inserts, 
about  which  are  rotated  metallic  sparking  points  radial- 
ly placed.  If  a  sheet  of  carbon  paper  is  placed  on  the 
cylinder  a  small  spark-gap  is  formed  between  the  spark- 
ing points  and  the  metal  rings,  and  the  paper  is  punc- 
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tured.     Fig.  3  shows  diagrammatically  the  location  of 
such  an  instrument. 

The  Spark  Chronograph 

Fig.  5  shows  the  spark  chronograph  that  will  replace 
the  oscillograph.  In  this  way  there  is  obtained  an  esti- 
mate of  the  variation  in  flame  propagation  from  cycle 
to  cycle.  The^  spark  is  easily  visible  and  should  occur  at 
the  same  position  on  the  drum,  when  the  sparking  points 
are  rotated  ssmchronously  with  the  engine.  If  the  spark 
moves  about  from  point  to  point,  it  is  evident  that  the 
instant  of  ionization  for  that  particular  spark-plug  is 
changing  from  cycle  to  cycle.  In  obtaining  a  record, 
the  spark  chronograph  must  be  left  running  as  long 
as  desired  and  the  discharge  current  will  then  puncture 
a  new  hole  for  each  engine  cycle.  The  center  of  this 
group  of  holes  is  then  the  average  position  for  the 
instant  of  ionization  in  the  corresponding  plug,  taken 
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throughout  the  operatingr  period  of  the  chronograph. 
The  ignition  current  is  also  permitted  to  make  a  record 
on  the  sheet,  under  another  spark-plug. 

The  spark  chronograph  can  also  give  a  visual  indica- 
tion of  the  velocity  of  flame  propagation.  A  disk  vnth 
sight-vanes  is  rotatable  about  the  axis  of  the  chrono- 
graph drum  and  is  graduated  to  show  the  position  of 
the  sight-line  in  degrees  from  a  given  reference  point 
The  sight-line  is  first  set  on  the  spark  made  by  the 
ignition  system  and  is  then  turned  to  the  spark  caused 
by  current  discharging  through  one  of  the  spark-plugs; 
the  angular  distance  through  which  it  is  moved  is  then 
noted.  Calling  this  angle  0  and  the  distance  between 
the  spark-plugs  in  meters  d,  the  velocity  of  flame  propa- 
gation can  be  determined  directly  from  the  formula: 

end 
v  =  2 where 

n  =  the  speed  in  r.p.m. ;  and 

a  =  18  deg.,  the  fixed  angular  separation  of  the  igni- 
tion and  condenser  gaps. 

The  results  so  far  obtained  show  that  the  fundamental 
idea  involved  in  this  method  is  sound,  namely,  that  a 
voltage  sufficient  to  arc  a  gap  ionized  by  the  ignition 
flame  is  not  large  enough  to  break  down  the  compressed 
gas.  To  test  this  in  each  case  we  have  determined 
that  the  voltage  used  on  the  plugs  would  not  interfere 
with  engine  operation.  Measurements  obtained  from 
different  records  indicate  that  the  velocity  of  flame 
propagation  varies  widely  with  different  engine  condi- 
tions and  also  that  the  velocity  of  propagation  increases 
rapidly  as  the  flame  travels  away  from  the  point  o) 
ignition. 

The  value  of  the  method  already  described  lies  in  the 
fact  that  by  its  use  the  velocity  of  flame  propagation 
can  be  studied  in  an  engine  while  it  is  actually  in  opera- 
tion. The  results  obtained  are  in  marked  contrast  to 
those  derived  from  experiments  with  explosive  mixtures 
in  closed  vessels,  but  they  furnish  a  safer  basis  for  com- 
parisons of  fuels  and  for  the  designing  of  cylinder- 
heads. 

In  any  particular  engine,  various  fuels  and  difFer^t 
ignition  systems  may  be  studied  and  their  relative  merits 
indicated.  Location  of  spark-plugs  and  shape  of  com- 
bustion space  have  an  influence  upon  the  time  taken 
for  complete  inflammation  and  hence  upon  the  interval 
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between  ignition  and  the  attainment  of  maximam  pres- 
sure. If  several  designs  of  cylinder-head  are  available, 
the  method  can  be  used  to  determine  their  relative 
merits. 

Studying  Turbulence  and  Knocking 

Moreover,  some  conclusions  can  be  drawn  as  to  turbu- 
lence in  the  mixture,  its  magnitude  and  its  effect  upon 
horsepower  output.  By  successively  changing  the  func- 
tions of  the  three  plugs,  using  No.  1  as  the  firing  plug 
and  Nos.  2  and  3  as  observing  plugs,  then  by  chang- 
ing the  ignition  to  plug  No.  2  and  finally  to  plug  No.  8,  it 
is  possible  to  compare  the  times  occupied  by  the  flame 
in  traveling  in  two  directions  over  each  of  three  differ- 
ent paths.  If  the  time  interval  from  plug  No.  1  to  plug 
No.  3  is  greater  than  that  from  plug  No.  3  to  plug  No.  1, 
it  might  be  concluded  that  a  current  of  gas  from  plug 
No.  8  toward  plug  No.  1  gives  a  velocity  to  the  flame 
in  addition  to  its  normal  velocity  of  propagation. 

Experiments  have  shown  turbulence  effects  with 
velocities  from  1  to  4  m.  per  sec.  When  the  engine  is 
fired  at  one  plug  alone  and  this  is  the  one  from  which 
the  flame-spread  is  accelerated  by  turbulence,  measure- 
ably  greater  horsepower  is  developed,  reaching  in  some 
cases  an  increase  of  5  per  cent  over  the  output  when 
the  ignition  takes  place  at  an  opposite  plug. 

During  the  development  of  the  method  of  measure- 
ment mentioned,  the  output  of  the  engine  was  absorbed 
by  a  fan  brake.  Under  these  circumstances  close  con- 
trol of  the  speed  is  impossible,  nor  were  there  proper 
means  for  determining  and  holding  a  constant  mixture 
ratio.  The  engine  is  at  present  coupled  to  a  dynamo- 
meter and  provision  is  made  for  obtaining  more  com- 
plete data. 

The  phenomena  of  knocking  are  not  yet  fully  investi- 
gated, but  it  was  observed  that  when  violent  knocking 
is  heard  the  oscillograph  records  abnormally  short  time- 
intervals.  If  the  spark  is  then  retarded  until  knocking 
ceases,  the  time-interval  recorded  returns  to  its  normal 
value.  It  is  yet  too  early  to  predict  how  much  infor- 
mation regarding  knocking  can  be  derived  from  studies 
of  the  velocity  of  flame  propagation. 

It  is  planned  to  compare  different  fuels  in  the  engine 
and  to  study  the  variations  in  flame  velocity  with  a 
change     in     the    mixture  ratio,  compression  pressure, 
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throttling,  spark  advance  and  speed.     Comparisons  of 
various  designs  of  cylinder-head  are  also  hoped  for. 

The  results  of  several  hundred  observations  are  given. 
The  data  were  collected  under  these  conditions : 

Standard  ''X"  gasoline 

Mixture  ratio,  about  12  parts  air  to  1  of  fuel 

Speed,  about  1400  r.p.in. 

Full  throttle  and  30-deg.  spark  advance 

Carbureter,  Tice  experimental 

When  results  in  opposite  directions  over  the  same 
path  are  averaged  to  eliminate  the  effect  of  turbulence, 
they  appear  as  follows: 

X 

Average  Velocity== — 
x= Distance,         (=Time,  ( 

cm.  sec.  m.  per  sec.       ft.  per  sec. 

2.8  0.00434  6.44  21.13 

9.5  0.00872  10.87  35.66 

11.8  0.00937  12.58  41.27 

A  later  series  of  observations  over  the  second  of  these 
distances,  made  with  a  Claudel  carbureter,  gave  the  re- 
sult a;==9.5  cm.  and  ^=0.00858  sec.  or  practically  the  same 
as  the  value  tabulated.  These  values  of  x  and  t  satisfy 
within  1  per  cent  the  empirical  formula. 

From  this  we  obtain 

ht  ,    dap  h  t.  /»        .  ^vt 

«=r- — —-and    ---  =  v=- — 775  or  6  (---«  +  l)» 

The  flame  velocity  is  seen  to  be  low  in  comparison  with 
the  velocity  of  the  air  inflow,  about  200  ft.  per  sec.  The 
piston  speed,  1600  ft.  per  min.,  is  intermediate  between 
the  low  and  the  high  flame  velocities  observed,  1270  and 
2480  ft.  per  min.  respectively. 

It  is  to  be  observed  that  this  expression  for  the  veloci- 
ty of  flame  propagation  involves  two  constants  a  and  b, 
the  ratio  of  which  appears  in  the  parenthesis  as  the 
coefficient  of  the  distance  from  the  firing  plug.  It  may 
be  conjectured  that  the  constant  6  is  a  property  of  the 
fuel  mixture  used,  while  the  appearance  of  x  shows  the 
effect  of  confinement  of  the  explosion  in  the  cylinder- 
head.  This  effect  should  depend  upon  both  the  fuel  and 
the  shape  of  the  <^ombustion  space.  It  may  develop 
that  a  is  a  coefficient  whose  value  depends  on  the  geome- 
try of  the  explosion  chamber.    It  is  expected  that  fur- 
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ther  data  will  yield  a  criticism  of  this  formula  and  per- 
haps a  physical  interpretation  of  it. 

Writing  v=  velocity  of  flame  propagation  in  centi- 
meters per  second,  the  constants  have  the  value  a=68.6y 
&=450;  so  that 

Inspection  of  the  formula  suggests  at  first  that  v 
increases  without  limit,  but  it  must  be  remembered 
that  t  has  a  limit,  namely,  the  instant  when  inflamma- 
tion is  complete  and  flame  spread  ceases. 

THE    DISCUSSION 

DR.  H.  C.  DICKINSON:— Professor  Harold  B.  Dixon  of 
England  is  one  of  a  number  of  able  scientists  who  have 
made  a  very  extended  study  of  the  propagation  of  ex- 
plosions in  gas  mixtures.  I  had  the  privilege  of  visiting 
his  laboratory  recently  and  spending  a  very  profitable 
day  discussing  with  him  some  of  his  past  and  present 
researches  into  this  subject.  The  general  problem  which 
has  led  to  most  of  the  researches  on  gas  explosions  has 
been  prevention  of  explosions  in  mines  and  in  industries 
where  accidental  explosive  mixtures  may  occur.  The 
applicability  of  the  results  to  gas-engine  problems  is 
rather  accidental. 

In  1898  Professor  Dixon  published  a  paper  in  the 
Philosophical  Transactions  of  the  Royal  Society  of  Lon- 
don covering  a  research  on  explosions  of  various  gas 
mixtures  confined  in  long  pipes  of  small  diameter,  in 
which  he  had  repeated  and  verified  the  experiments  of 
many  previous  observers  and  added  much  new  informa- 
tion on  the  detonation  velocities  of  explosion  waves.  It 
appears  that  in  general  an  explosion  wave  starts  out  with 
a  low  velocity  which  increases  gradually  to  a  definite 
limit,  after  which  it  is  constant  no  matter  what  the  dis- 
tance. This  final  constant  velocity  only  was  considered 
in  the  paper  just  mentioned,  and  in  1903  Professor  Dixon 
published  in  the  same  journal  a  second  very  interesting 
paper,  continuing  this  research  and  including  also  a 
study  of  the  initial  stages  of  explosions  in  glass  tubes. 
Some  of  the  results,  to  my  mind,  throw  important  light 
on  the  phenomena  of  fuel  knock,  as  will  be  discussed 
later. 

Professor  Dixon's  laboratory  is  typical  of  all  the  labo- 
ratories I  visited  in  England,  in  that  no  time  or  money 
is  wasted  on  elaborate  instruments  or  equipment.    This 
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is  in  marked  contrast  to  laboratory  practice  in  this  coun- 
try and  not  to  the  credit  of  American  methods.  For 
the  several  important  problems  now  in  progress  there  is 
not  a  single  piece  of  experimental  equipment  virkich  could 
not  be  improvised  in  a  few  days  at  very  little  expense, 
and  yet  one  will  hardly  find  more  accurate  and  careful 
work  in  progress  anywhere.  One  experiment  is- intended 
to  find  the  normal  ignition  temperature  of  mixtures  of 
pentane,  alcohol,  ether,  etc.,  with  air.  This  measurement 
has  commonly  been  made  by  flowing  the  mixture  past  a 
hot  wire  or  by  some  such  device.  This  is  recognized  as 
open  to  very  grave  question.  The  results  may  be  hun- 
dreds of  degrees  in  error,  mainly  due  to  catalytic  action 
of  the  heated  metal.  Professor  Dixon  has  devised  a 
simple  method  which  seems  to  avoid  the  .error.  The  com- 
bustible gas  and  the  air  are  heated  independently  in 
separate  tubes  and  allowed  to  flow  together  when  hot,  and 
the  temperature  at  which  the  gas  takes  fire  is  noted. 
There  are,  of  course,  some  questions  of  accuracy  in- 
volved here,  but  they  are  less  serious  than  with  other 
methods.  Another  problem  is  to  deteixnine  the  com- 
pression ratio  at  which  such  mixtures  as  the  above  will 
fire  spontaneously  under  adiabatic  compression.  For  this 
purpose  the  professor  uses  a  tight-fitting  piston  in  a  long 
cylinder  with  a  small  pile-driver  to  produce  the  com- 
pression and  a  positive  stop  to  limit  the  motion  of  the 
piston.  He  is  studying  the  behavior  of  various  sub- 
stances and  mixture  ratios  in  this  way.  For  the  meas- 
urement of  detonation  velocities,  which  is  being  applied 
to  a  large  number  of  gas  mixtures  not  previously  studied, 
there  is  a  100-meter  pipe,  1  in.  in  diameter,  coiled  up  in  a 
wash-tub  of  water.  A  thin  strip  of  silver  foil  is  blown 
out  by  the  explosion  wave  near  the  firing  end  of  the 
tube  and  another  near  the  far  end  of  the  tube;  each 
breaks  an  electric  circuit,  causing  a  spark,  and  the  in- 
terval between  these  is  the  time  required  to  travel  about 
100  yd.,  this  requiring  somewhere  between  0.1  and  0.01 
sec  This  is  only  a  part  of  the  important  work  in  prog- 
ress at  Professor  Dixon's  laboratory. 

As  for  the  bearing  of  Professor  Dixon's  results  and 
others  of  a  similar  nature  on  fuel  knock  in  engine  cylin- 
ders, I  believe  a  careful  analysis  of  these  results  oflfers  a 
very  interesting  if  not  conclusive  explanation  of  the  me- 
chanics of  this  effect  When  an  explosion  wave  is 
started  it  travels  slowly,  as  we  have  shown  by  measure- 
ments, but  it  ultimately  reaches  a  very  high  velocity,  thiq 


Digitized 


by  Google 


VELOCITY  OF  FLAME  PROPAGATION  IN  CYLINDEB8    818 

velocity  beingr  sometimes  10,000  ft.  per  sec.  The  final 
velocity  is  practically  independent  of  pressure,  so  that 
it  would  be  about  the  same  in  a  cylinder  at  5  atmospheres 
as  in  a  pipe  at  1  atmosphere  pressure.  While  the  dis- 
tance virhich  the  explosion  wave  travels  before  reaching 
its  maximum  speed  in  most  of  Professor  Dixon's  experi- 
ments is  much  too  great  to  occur  in  an  engine  cylinder, 
this  distance  is  very  sensitive  to  changes  of  pressure 
and  quality  of  mixture.  A  calculation  from  his  results 
shows  that  at  cylinder  pressure,  with  gas  mixtures  likely 
to  occur,  it  is  quite  possible  for  these  detonations  or 
maximum  velocities  to  occur  within  the  engine  cylinders. 

If  such  is  the  case,  let  us  consider  what  may  happen. 
In  the  first  place,  the  mass  of  the  charge  never  burns 
simultaneously,  but  in  a  progressive  wave  the  speed  of 
which  is,  however,  enormously  great.  This  wave  always 
spreads  out  from  the  ignition  point  with  a  smooth  wave- 
front  something  as  a  wave  on  the  surface  of  the  water, 
except  in  three  dimensions.  The  instantaneous  pressure 
at  the  front  of  the  wave  may  be  as  much  as  100  atmos- 
pheres when  the  initial  pressure  is  1  atmosphere,  and 
the  formula  for  thd  maximum  pressure  shows  it  to  be 
proportioned  to  the  initial  pressure;  thus,  in  a  cylinder 
it  might  reach  several  thousand  pounds  per  square  inch. 
This  pressure,  however,  lasts  only  for  about  1/10,000  of 
a  second,  as  shown  by  Professor  Dixon's  photographs, 
and  it  is  not  a  true  pressure  in  the  usual  sense,  because 
it  is  due  to  the  impact  of  a  wave  of  gas  molecules  travel- 
ing at  an  enormously  high  speed  but  with  very  little 
weight  or  pressure  behind  it.  When  such  a  wave-front 
meets  the  wall  of  a  cylinder  it  is  like  a  shotgun  charge 
of  very  fine  shot  striking  almost  simultaneously  and 
would  be  expected  to  produce  the  sort  of  sound  which 
we  know  to  result. 

Now  if  the  position  of  the  ignition  point  is  such  that 
the  detonation  wave-front  reaches  some  part  of  the  cylin- 
der wall  like  a  wave  striking  shore  in  an  exact  on-shore 
wind  the  effect  will  be  greatest.  If  the  wave  strikes 
diagonally  due  to  change  in  spark-plug  position  or  cylin- 
der shape,  the  effect  may  be  less.  Finally,  the  impact  of 
such  a  wave  would  produce  an  amount  o^  sound  all  out 
of  proportion  to  the  mechanical  effects,  since  the' inertia 
of  the  gas,  due  to  its  very  small  weight,  is  too  small  to 
impart  any  great  mechanical  action  to  the  engine  parts. 

For  this  reason  the  actual  instantaneous  pressure  can 
probably  not  be  measured  with  any  approach  to  accuracy. 
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If  applied  to  a  piston  even  of  the  lightest  weight,  the 
inertia  is  many  times  too  great  to  permit  any  accurate 
measurement.  If  applied  to  a  light  diaphragm,  still  the 
inertia  is  too  great;  also  such  a  diaphragm  requires  a 
support  which  would  further  interfere  with  measure- 
ments. Some  other  methods  might  be  better  for  the  pur- 
pose. One  of  these  was  applied  by  Professor  Dixon.  If 
a  high-speed  wave  of  this  sort  strikes  a  glass  wall  and 
the  glass  wall  is  broken,  it  is  almost  certain  that  the 
instantaneous  pressure  was  at  least  as  great  as  would  be 
the  steady  pressure  necessary  to  break  the  glass.  We 
know  of  only  one  other  method  which  might  be  superior 
to  this  for  the  purpose. 

PROF.  C.  A.  NORMAN:— This  paper  is  a  valuable  first 
step  in  an  investigation  of  flame  propagation  and  com- 
bustion phenonema  in  a  high-speed  internal-combustion 
engine  under  actual  working  conditions. 

The  maximum  speed  of  flame  propagation  noted  was 
41.27  ft.  per  sec.,  applicable  to  comparatively  long  dis- 
tances of  travel;  the  minimum  speed  was  21.13  ft.  per 
sec,  applicable  to  short  distances.  ,  The  engine  ran  at 
1400  r.p.m.  A  half  stroke  consumed  0.021  sec.  The 
maximum  distance  traveled  by  the  flame  in  this  time 
would  be  about  11  in.  In  other  words,  the  combustion 
would  have  time  to  spread  throughout  the  whole  charge 
during  the  time  occupied  by  the  working  stroke,  even  in 
engines  somewhat  larger  than  the  Liberty.  Assume,  on 
the  other  hand,  that,  during  the  comparatively  slow 
travel  of  the  piston  near  dead-center,  we  could  consider 
the  combustion  space  as  retaining  practically  constant 
volume  for  as  much  as  one-eighth  of  a  revolution,  in  this 
case  about  0.005  sec.  With  application  of  the  minimum 
speed  of  propagation  in  this  more  limited  space,  the  dis- 
tance of  travel  in  the  interval  considered  would  be  from 
1.3  to  1.5  in.  It  is  thus  evident  that  the  flame  would  not 
spread  through  the  whole  combustion  space  in  the  time 
mentioned  and  that  combustion  would  not  take  place  at 
constant  volume.  Even  with  the  comparatively  rich  mix- 
ture and  the  high-grade  gasoline  used,  combustion  would 
in  all  likelihood  continue  during  almost  the  whole  stroke, 
with  a  resultant  unfavorable  effect  on  fuel  consumption. 

Investigations  of  the  character  here  carried  out,  but  in 
connection  with  indicator  diagrams  showing  the  pressure 
conditions  in  the  engine,  would  be  of  the  very  greatest 
interest  for  further  understanding  of  the  combustion 
process  and  its  conversion  into  power. 
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In  conjunction  with  B.  Stockfleth  of  the  International 
Harvester  Co.,  I  have  found  best  fuel  economy  for  a 
4  X  6-in.  engine  between  400  and  600  r.p.m.,  even  though 
the  mean  effective  pressure  and  the  power  were  well  sus- 
tained at  much  higher  speeds ;  this,  using  ordinary  gaso- 
line, A  fractional  distillation  test  of  the  fuel  used  would 
be  a  valuable  addition  to  the  data  furnished  in  the  paper. 

R.  K.  Honaman: — It  is  quite  true  that  some  very  en- 
lightening laboratory  work  in  connection  with  this  sub- 
ject was  done  a  great  many  years  ago,  and  this  differs 
from  most  engineering  matters  in  that  the  time  between 
the  discovery  of  some  of  the  facts  which  Professor  Dixon 
made  in  the  laboratory  from  the  physicist's  point  of  view, 
and  the  application  of  them  to  practical  fields  of  work  by 
the  engineers,  has  been  very  long.  There  have  been  two 
reasons  for  this.  In  the  first  place  it  has  been  extremely 
difficult  to  get  an  adequate  conception  of  what  the  char- 
acter of  propagation  in  an  operating  cylinder  is.  The 
facts  were  very  obscure.  Moreover,  it  has  been  possible 
in  the  past  to  build  engines  that  worked  satisfactorily 
and  sold  in  competition  without  going  into  too  great  /le- 
tail  about  such  points  as  flame  propagation  which  may 
have  been  considered  abstruse.  Now,  however,  condi- 
tions are  changing.  Fuel  is  becoming  scarce  and  more 
expensive;  power  requirements  are  going  up.  As  en- 
gines become  more  and  more  effkient,  competition  be- 
comes keener,  and  factors  which  have  been  considered 
negligible  and  of  academic  significance  only  are  rapidly 
becoming  known  to  be  important. 

The  second  point  is  that  it  has  not  been  entirely  clear 
just  how  the  results  of  laboratory  investigations  in  this 
connection  fit  in  with  the  practical  application,  if  they 
fit  in  at  all.  This  too  has  partly  been  due  to  the  fact  that 
detailed  knowledge  about  processes  occurring  in  the 
engine  cylinder  has  been  almost  impossible  to  obtain; 
also  no  one  has  denied  that  differences  should  be  ex- 
pected between  the  behavior  of  a  certain  gas  in  a  labor- 
atory cylinder  and  the  behavior  of  the  same  gas  in  an 
operating  engine,  not  to  mention  the  unavoidable  differ- 
ence in  chemical  compositiop  and  ignorance  of  the  exact 
mixture  that  the  engine  uses.  However,  with  the  appli- 
cation of  scientific  methods  to  the  physics  of  gas-engine 
operation,  some  of  these  points  have  been  brought  to 
light.  Probably  the  most  important  development  along 
this  line  has  been  that  of  the  gas  engine  indicator. 

The  adaptation  of  the  Piezo- electric  crystal  and  Pro- 
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fessor  Thomson's  method  of  measuring  the  velocity  of 
positive  rays  for  indicating  cyclic  cylinder  pressures  was 
considered  by  me  and  others  several  years  ago.  I  do  not 
know  what  confidence  Professor  Thomson  had  in  the 
results  of  his  depth  charge  pressure  measurements  by 
this  method,  but  there  is  certainly  a  great  difference  be- 
tween the  two  problems.  In  the  first  place,  Professor 
Thomson  had  in  each  case  only  one  discharge  of  very 
great  intensity,  whereas  in  the  gas  enje^ine  problem  the 
large  number  of  succeeding  cycles  of  pressure  are  of 
more  moderate  intensity.  One  of  the  greatest  objections 
to  which  all  indicators  of  high-speed  work  are  open  is  the 
error  introduced  by  the  length  of  gas  column  communi- 
cating between  the  surface  which  response  to  the  pressure 
and  the  region  for  which  pressure  is  to  be  measured. 
Unless  this  distance  is  extremely  small  it  is  bound  to 
have  an  appreciable  influence  due  to  the  inertia  of  the 
gas.  It  would  seem  also  in  the  practical  case  that  one 
could  not  hope  to  place  the  crystal  very  close  to  the  heart 
of  the  cylinder  lest  the  indicator  should  be  destroyed  be- 
fore the  engine  was  well  up  to  speed.  Moreover,  the 
difficulty  of  fixing  the  crystal  rigidly  so  that  its  calibra- 
tion does  not  change  from  cycle  to  cycle  is  not  to  be 
ignored. 

To  make  this  applicable  for  engineering  work,  the  re- 
cording apparatus  should  be  at  least  as  simple  as  an  or- 
dinary electromagnetic  oscillograph,  and  preferably  sim- 
pler, but  the  Piezo  crystal  does  not  deliver  sufficient  en- 
ergy to  operate  an  instrument  of  this  type  by  a  very  large 
factor,  and  the  question  of  amplification  opens  up  all  pos- 
sibilities of  wave-form  distortion,  etc.  It  would  seem 
that  a  more  feasible  indicator  might  be  made  by  seek- 
ing out  some  material  whose  electrical  resistance  varies 
appreciably  with  changes  in  pressure  over  the  range 
found  in  the  gas  engine,  much  as  the  carbon  granules  of 
a  microphone  vary  with  the  slight  pressures  of  a  sound- 
wave. If  some  such  material  could  be  found  in  suffi- 
ciently rugged  and  sufficiently  refractory  form,  it  could 
be  placed  anywhere  in  the  cylinder  walls,  and  probably 
with  some  difficulty  in  a  moving  piston  in  series  with 
a  battery  and  an  oscillograph,  and  would  give  a  reliable 
record  with  a  maximum  of  convenience  and  speed. 

The  observance  of  a  number  of  these  phenomena  de- 
pends upon  the  adaptation  of  electrical  methods,. as  in  the 
case  of  the  study  of  flame  propagation,  and  it  will  be  of 
profound  importance  if  the  difficulties  with  either  the 
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Piezo  or  the  pressure  resistance  method  can  be  overcome. 
In  any  event,  the  Society  is  to  be  congratulated  upon  the 
fact  that  its  members  are  bending  every  effort  to  get  to 
the  root  of  some  fundamental  physical  facts  involved  in 
gas-engine  operation  and  design,  reacting  inevitably  on 
the  industry  as  a  whole,  perhaps  leading  ultimately  to  the 
ability  to  predict  with  high  precision  the  performance  of 
a  gas  engine  when  the  most  fundamental  physical  con- 
stants are  known. 


HIGH-SPEED  INDICATORS 

By  Thomas  Midglby,  Jr* 

The  indicator  was  an  important  factor  in  the 
early  development  of  the*  internal-combustion  engine 
when  engine  speeds  were  low,  but  on  high-speed  en- 
gines such  indicators  were  unable  to  reliably  repro- 
duce records  because  of  the  inertia  effects  of  the 
moving  part  of  the  pressure  element.  The  first 
need  is  for  a  purely  qualitative  indicator  of  the  so- 
called  optical  type,  to  secure  a  complete  and  instan- 
taneous mental  picture  of  the  pressure  events  of  the 
cycle;  the  second  need  is  for  a  purely  quantitative  in- 
strument for  obtaining  an  exact  record  of  pressures. 
The  common  requirements  for  both  are  that  the  indi- 
cator timing  shall  correctly  follow  the  positions  of 
the  crank  and  that  the  pressure  recorded  shall  agree 
with  the  pressures  developed  within  the  combustion 
space.  Following  a  discussion  of  these  requirements, 
the  author  then  describes  the  demonstration  made  of 
two  high-speed  indicators,  inclusive  of  various  illus- 
trations that  show  the  apparatus,  and  comments  upon 
its  performance.  In  conclusion,  a  description  is  given 
of  a  high-speed  diaphragm  indicator  of  the  balanced- 
pressure  type,  developed  at  the  Bureau  of  Standards. 

An  indicator  is  an  instrument  for  getting  a  graphical 
representation  of  the  pressures  within  an  engine  cylin- 
der, which  are  plotted  against  some  other  function  of  the 
engine  such  as  the  piston  position  or  the  crank  angle.  The 
original  indicator  was  invented  by  James  Watt  and  used 
by  him  in  his  great  engineering  work  on  the  steam  en- 
gine. In  the  early  development  of  the  internal-combus- 
tion engine  the  indicator  played  an  important  part  as  long 
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as  the  speeds  encountered  were  low,  but  with  the  rapid 
advance  of  the  art  to  high-speed  engines  the  instruments 
were  unable  to  reproduce  records  at  these  higher  speeds 
reliably  because  of  the  inertia  effects  of  the  moving  parts 
of  the  pressure  element. 

Improvements  upon  indicators  became  necessary,  and 
while  it  is  interesting  to  note  these  developments  they 
have  without  exception  fallen  short  of  the  mark  for  exact- 
pressure  studies.  But  there  have  been  a  few  research  lab- 
oratories where  the  indicator  has  been  employed  almost 
constantly  in  showing  the  variations  of  pressures;  as  in 
the  development  of  valve-timings  to  serve  a  given  speed 
range;  the  development  of  combustion-chamber  form;  the 
location  of  spark-plug  electrodes;  fuel  studies,  etc.  In 
these  applications  it  is  unnecessary  to  know  the  values  of 
the  pressures  but  merely  their  general  relationships ;  and 
the  indicator  so  used  becomes  a  purely  qualitative  instru- 
ment. 

That  there  is  a  need  for  an  instrument  of  great  preci- 
sion can  scarcely  be  questioned,  and  that  such  an  instru- 
ment will  fill  a  field  of  broad  usefulness  can  readily  be 
proved  by  the  results  already  obtained.  But  whatever  our 
need  for  an  ultra  indicator  of  pressure  values  and  its 
broad  usefulness,  the  fact  remains  that  for  general  use, 
where  speed  of  observation  is  essential  and  where  a  pic- 
ture of  a  single  pressure  cycle  or  an  indication  of  the  va- 
riations among  successive  cycles  without  necessarily  a 
record  of  it  is  required,  the  highly  developed  and  simple 
qualitative  optical  instrument  will  have  wide  application. 

It  is  hoped  that  the  foregoing  has  served  in  some 
measure  to  make  clear  the  need  for  two  classes  of  indicat- 
ing instruments;  first,  a  purely  qualitative  one  of  the 
so-called  optical  type  with  which  a  complete  and  instan- 
taneous mental  picture  of  the  pressure  events  of  the 
cycle  is  secured;  and,  second,  a  purely  quantitative  type 
of  instrument,  with  which  an  exact  record  of  pressures 
can  be  obtained.  The  common  requirements  in  both  types 
are  (a)  that  the  timing  of  the  indicator  shall  correctly 
follow  the  positions  of  the  crank  and  {b)  that  the  pres- 
sure recorded  shall  agree  with  the  pressures  developed 
within  the  combustion  space. 

In  any  discussion  of  the  foregoing  requirements,  the 
first  is  most  easily  satisfied.  The  nature  of  the  motion- 
transmitting  mechanism  will  depend,  in  the  optical  type, 
upon  the  kind  of  diagram  sought;  i.e.,  whether  the  pres- 
sure is  plotted  against  the  piston  positions,  called  the 
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pressure-volume  diagram,  or  against  the  crank  angle, 
called  the  pressure-time  diagram.  To  secure  the  former, 
which  is  that  from  which  the  mean  effective  pressure  is 
determined,  it  is  necessary  to  oscillate  the  indicator  mech- 
anism in  synchronism  with  the  piston  of  the  engine.  This 
involves  a  reproduction  in  the  indicator  mechanism  of  the 
engine  crank-rod  ratio,  and  also  of  the  crank  offset,  if 
any.  This  drive  involves  joints  and  bearings  which  must 
be  free  from  back-lash.  All  these  parts  are  avoided  in 
the  drive  for  making  pressure-time  diagrams,  a  simple, 
continuous  rotary  motion  being  all  that  is  necessary.  In 
the  optical  tjrpe  for  fuel  studies,  the  pressure-time  form 
of  diagram  is  superior,  since  the  pressure  events  are  ex- 
pressed directly  in  terms  of  the  crank  angle;  and  the  in- 
teresting phenomena  at  the  ends  of  the  strokes  are  not 
hidden  through  crowding,  as  in  the  pressure-volume  dia- 
gram. This  will  be  observed  from  some  of  the  studies 
shown.  In  the  polar  pressure-time  diagram  the  at- 
mospheric line  is  a  circle  and  the  pressure  ordinates  are 
radii  of  the  circle. 

The  second  requirement,  perfect  agreement  between  re- 
corded and  actual  pressures,  is  satisfied  only  with  a  negli- 
gible length  of  passage  between  the  cylinder  and  the  pres- 
sure-deflected portion  of  the  indicator;  and  in  indicator 
work  at  high  engine  speeds  the  only  passage  having  a 
negligible  length  is  one  having  none  at  all  This  limits 
us  to  the  use  of  a  spring-controlled  piston  in  the  pressure 
element,  since  the  popular  diaphragm  of  the  conventional 
optical  indicator  cannot  be  subjected  to  the  temperatures 
of  the  combustion-chamber  gases,  inasmuch  as  it  must 
serve  as  its  own  spring.  In  the  case  of  the  ultra  indicator 
hereinafter  described,  the  diaphragm  is  not  a  spring,  and 
hence  can  be  and  is  exposed  to  the  hot  gases.  The  elimi- 
nation of  vibration  troubles  in  the  pressure  element  is 
most  difficult  of  solution  and  is  only  satisfied  through  very 
careful  design. 

We  will  now  demonstrate  two  instruments.  One  of 
these  represents  a  high  degree  of  perfection  of  the  rela- 
tive type  for  optical  study  combined  with  a  degree  of  ac- 
curacy which  is  well  within  the  accepted  limits  of  engi- 
neering. The  other  indicator,  developed  at  the  National 
Bureau  of  Standards,  is,  we  believe,  the  highest  develop- 
ment of  the  second  class,  possessing  accuracy  to  a  most 
remarkable  degree.  It  is  unfortunate  that  the  only  prin- 
ciple so  far  advanced  that  permits  of  practical  embodi- 
ment in  an  instrument  of  extreme  accuracy  is  one  which 
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cannot  be  combined  with  the  desirability  of  optical  ob- 
servation. This  latter  indicator  is  to  a  large  extent  the 
child  of  adversity,  as  its  development  was  necessary  to 
make  any  such  studies  whatsoever  in  the  altitude  cham- 
ber. For  this  reason  it  deserves  special  credit  as  a  most 
remarkable  piece  of  research  work. 

In  the  conventional  type  of  steam-engine  indicator, 
typical  of  those  used  in  the  early  days  and  still  used  on 
large  installations  of  stationary  engines  where  the  speeds 
are  slow,  a  piston  is  exposed  to  the  cylinder  pressures 


Fia.  1 — Manograph  Hopkinson  Instrument 

through  a  connecting  pipe  which  also  serves  to  keep  the 
gases  cool,  and  its  deflection  is  resisted  by  a  calibrated 
spring.  This  motion  is  transmitted  through  a  series  of 
levers  and  is  recorded  by  a  pencil  on  a  paper  fastened  to 
the  drum  which  in  turn  is  oscillated  by  a  string  connec- 
tion to  some  portion  of  the  engine. 

The  instrument  known  as  the  manograph  (Fig.  1)  rep- 
resents the  next  type  of  advance.  A  diaphragm  is  made 
use  of  in  the  pressure  element;  but  the  big  contribution 
made  to  the  art  by  this  instrument  is  the  beam  of  light 
which  is  used  to  replace  the  moving  arms  of  the  preced- 
ing type.  I  have  already  mentioned  the  disadvantages 
of  the  diaphragm.  It  cannot  be  subjected  to  heat  and 
retain  its  spring  qualities.  Another  serious  disadvantage 
is  its  irregular  calibration,  which  gives  trouble  if  the 
instrument  is  used  in  any  other  than  a  purely  qualitative 
way. 

As  an  improvement  upon  the  manograph,  Prof.  Hop- 
kinson devised  the  instrument  shown  at  the  right  of 
Fig.  1.  This  is  a  reversion  to  the  piston-type  instrument 
but,  because  of  the  type  of  spring  used,  the  calibration 
is  still  far  from  perfect.     This  development  failed  to 
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Fia.  2 — Parts  op  Bureau  qf  Standards  Optical  Instrument 

make  use  of  one  of  the  greatest  assets  of  the  piston-type 
pressure  elements,  that  is  the  ability  to  get  right  down 
on  the  wall  of  the  cylinder-head  and  thus  eliminate  all 
connecting  pipes  and  chambers. 

The  parts  of  one  of  the  instruments  developed  by  the 
Bureau  of  Standards  are  shown  in  Fig.  2.  This  instru- 
ment is  shown  in  more  detail  in  Fig.  3  which  is  a  cut  of 
the  pressure  element  of  the  instrument  shown  in  Fig.  2. 
The  element  is  of  the  piston-type  and  is  compactly  ar- 
ranged in  a  unit,  one  end  of  which  screws  directly  into 
the  combustion  chamber.  Pressure  in  the  cylinder  oper- 
ates against  the  piston  to  compress  the  resisting  spring. 
This  movement  is  transmitted  through  a  very  light  shaft 
to  an  arm  which  operates  to  change  the  vertical  angle  of 


Fia  8 — Pressure  Element  of  Bureau  op  Standards  Optical 
Instrument 
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Pig.  4 — Cross-Sbction  of  Box  op  Bureau  of  Standards  Optical 
Instrument 

a  mirror  supported  on  a  horizontal  axis  in  proportion  to 
the  pressure  on  the  piston.  A  cross-section  of  the  box, 
showing  the  arrangement  of  lamp,  pressure  element,  re- 
volving mirror,  ground-glass  front,  etc.,  is  shown  in 
Fig.  4. 

Fig.  5  shows  the  optical  system.  When  the  system  is 
in  operation,  light  issues  from  a  small  aperture  in  a  metal 
casing  surrounding  the  light  bulb,  which  is  supported  on 
the  back  of  the  motor  box.  This  beam  of  light  passes 
through  the  motor  box  to  the  concave  mirror  on  top  of 
the  pressure  element.  It  is  reflected  and  f  ocussed  by  the 
pressure-element  mirror,  and  again  traverses  the  length 
of  the  motor  box  to  the  eight-sided  mirror  in  the  rear, 
which  can  be  either  oscillated  or  revolved,  according  to 
whether  pressure-volume  or  pressure-time  cards  are  de- 
sired. The  convergent  rays  of  light  from  the  pressure- 
element  mirror,  after  being  reflected  by  the  eight-sided 
mirror,  are  projected  forward  upon  the  curved  glass 
forming  the  front  of  the  motor  box.  This  point  of  light 
moves  up  and  down  with  a  corresponding  change  in  the 
angle  of  the  pressure  mirror.    At  the  same  time  it  moves 
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horizontally  with  the  oscillation  or  rotation  of  the  octag- 
onal mirror,  thus  tracing  out  on  the  curved  glass  either 
pressure-volume  or  pressure-time  cards.  Fig.  5  is  also 
representative  of  the  arrangement  which  gives  pressure- 
volume  cards.  Included  in  the  crankshaft  attachment  is 
a  member  driven  by  a  crank  attached  to  the  distributor 
head  and  having  a  reciprocating  motion  in  a  vertical 
direction.  A  fine  wire  is  attached  to  this  member  and 
carried  over  a  light  pulley  to  an  arm  which  transforms 
the  reciprocating  motion  into  an  oscillation  of  the  eight- 
sided  mirror  about  its  vertical  axis. 

The  synchronizer,  shown  in  Fig.  6,  is  used  in  taking 
pressure-time  cards.  Its  function  is  to  rotate  the  eight- 
sided  mirror  located  within  the  motor  box,  so  that  its 
speed  can  always  bear  the  same  definite  ratio  to  the  speed 
of  the  engine.  The  system  comprises  a  mechanism  for 
attachment  to  the  engine  or  dynamometer  shaft,  and  a 
synchronizer  and  rotating  mirror  in  the  motor  box.  The 
synchronism  is  accomplished  electrically  by  energizing 
the  coils  of  the  synchronizer  through  a  distributor  oper- 
ated by  the  shaft  of  the  crankshaft  attachment.  To  take 
photographic  records  of  cards,  it  is  only  necessary  to  re- 
place the  ground  glass  with  a  clear  glass,  hold  a  piece 
of  bromide  paper  against  the  glass  and  press  a  button. 
The  bromide  paper  is  developed  and  a  single  card  is 
found.    This  result  is  accomplished  very  simply  by  elec- 
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Fig.  5 — Optical  System  of  Bureau  of  Standards  Instrument 
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trical  means,  merely  a  timing  device  which  subjects  the 
lamp  to  two  or  three  times  its  rated  voltage  for  two 
revolutions  of  the  engine.  The  time  of  two  revolutions 
is  too  short  to  burn  out  the  lamp  until  it  has  given  a 
thousand  or  more  cards.  Fig.  7  shows  the  indicator  in- 
stalled in  a  dynamometer  room  and  the  operator  taking 
a  card. 

Fig.  8  is  the  representation  of  a  study  which  this  in- 


Pio.  6 — Synchronizer  Used  in  Taking  Pressure-Time  Cards 

dicator  has  made  possible.  This  is  a  fuel  study  of  gaso- 
line upon  a  Delco-Light  engine  which  was  purposely  put 
out  of  adjustment  to  study  the  knocking  tendencies  of 
various  fuels.  Notice  upon  the  pressure-time  card,  fol- 
lowing from  left  to  right,  the  rise  on  compression,  the 
point  at  which  ignition  takes  place ;  then  the  smooth  rise 
along  the  combustion  line,  passing  the  dead-center  at 
about  the  maximum  pressure ;  then  the  almost  immediate 
drop  of  pressure,  due  to  the  downward  movement  of  the 
piston  and  the  expansion  of  the  gas;  and  finally,  the  open- 
ing of  the  exhaust  valve.  Again,  from  left  to  right,  the 
results  of  the  exhaust  stroke  are  traced  by  a  second  beam 
of  light.  Notice  now  the  drop  of  pressure  as  the  intake 
stroke  commences.  And,  passing  to  the  right  of  the  card, 
the  same  cycle  would  be  repeated.  This  card  is  typical 
of  a  gasoline  from  a  paraffin-base  crude.  Notice  that  the 
pressure-volume  card  shows  but  few  of  the  character- 
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Fig.  7 — Indicator  Installed  in  Dtnamometbs  Room 

istics  of  the  fuel.    The  distillation  curve  of  the  gasoline 
is  shown. 

In  Fig.  9  is  shown  a  study  of  a  sample  of  kerosene 
made  on  the  same  engine  and  refined  from  ,the  same 
crude  oil  as  was  the  gasoline.  This  engine  was  purposely 
put  out  of  adjustment  to  study  knocking  6f  the  fuel. 
The  spark  is  intentionally  early;  the  carbureter  was  j)ur- 
posely  formed  within  the  cylinder-head.    Notice  now  the 
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Pia.  8 — Gasoline  Study- 
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differences  between  this  pressure^ime  card  and  the  previ- 
ous one;  while  the  pressure-volume  card  remains  prac- 
tically the  same.  Notice  the  rise  on  compression  as  be- 
fore and  that  the  rising  is  in  a  perfectly  normal  manner. 
But  here  something  happens  that  does  not  occur  in  the 
previous  case.  Some  sudden  rise  of  pressure  takes  place 
and  this  exerts  itself  as  a  sharp  "pink,"  which  is  called 
preignition  or  knocking. 

The  development  at  the  Bureau  of  Standards  of  indi- 
cators for  high-speed  internal-combustion  engines  has 
included  a  diaphragm  indicator  of  the  balanced-pressure 


TO 


Fia.  9 — ^Kbrosbnb  Study 

type  that  has  proved  thoroughly  successful.  It  (See  Fig. 
10)  consists  of  a  steel  diaphragm  about  %  in.  in  diameter 
and  0.002  in.  thick,  clamped  in  a  small  chamber  and  sub- 
jected on  one  side  to  the  varying  cylinder  pressure  and 
on  the  other  to  a  constant  pressure  of  any  desired  and 
measurable  value,  supplied  by  a  compressed-air  tank  sys- 
tem or  a  vacuum  system.  An  electric  contact  point  is 
located  above  the  diaphragm  and  is  in  circuit  with  a  tele- 
phone or  spark-coil  indicator  when  this  controllable  pres- 
sure just  balances  the  engine  pressure  at  any  desired 
phase  in  the  engine  cycle.  The  diaphragm  chamber 
screws  directly  into  a  hole  in  the  engine  cylinder-head, 
an  extra  spark-plug  hole,  eliminating  uncertainties  due 
to  long  connecting,  pipes  and  leaving  the  clearance  volume 
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Pia.   10 — Bureau  of  Standards  Diaphragm   Indicator 

unchanged.  The  only  moving  part  is  the  0.002-in.  thick 
diaphragm,  which  moves  but  a  few  thousandths  of  an 
inch,  will  respond  to  instantaneous  pressure  without 
error,  and  is  practically  unaffected  by  vibration.  The 
record  obtained  is  an  average  from  the  same  phase  of 
many  consecutive  cycles,  although  a  point  or  click  is 
observed  for  each  cycle. 

The  commutating  segment  in  series  with  the  telephone 
(See  Fig.  11)  makes  contact  once  per  engine  revolution. 
If  at  the  time  of  this  contact  the  diaphragm  be  in  the  up- 
per position  against  the  electrode,  the  electric  circuit  is 


Fio.  11 — Commutating  Segment  in  Series  with  Telephonb 
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complete  and  the  telephone  clicks.  On  the  other  hand,  if 
the  diaphragm  be  down,  the  telephone  will  remain  silent. 
The  diaphragm  will  be  up  or  down  according  to  whether 
the  pressure  at  the  instant  is  greater  or  less  than  the 
steady  pressure  exerted  on  the  top  from  the  air-pressure 
ta^k,  measurable  by  gage.  As  an  example,  suppose  the 
gage  reading  to  be  20  lb.  per  sq.  in.,  35  lb.  absolute.  Then 
the  telephone  will  click  whenever  the  engine  pressure  is 
more  than  20  lb.  per  sq.  in.  above  atmospheric  pressure, 
at  the  crank  angle  of  commutator  contact,  and  will  remain 
silent  if  the  pressure  be  less  than  that  value.  The  method 
of  operating  is  therefore  to  set  the  commutator  as  de- 
sired and,  while  listening  to  the  telephone  clicks,  grad- 
ually increase  the  gage  pressure  applied  to  the  top  of 
the  diaphragm  until  the  telephone  clicks  cease,  recording 
this  critical  gage  pressure. 

The  exact  determination  of  the  above  point  is  possible 
only  with  exact  repetition  of  pressure  values  every  cycle 
in  the  engine.  With  the  usual  variations  from  cycle  to 
cycle,  what  the  observer  hears  as  the  critical  value  ap- 
proaches is  an  intermittent  clicking,  say  two,  three  or  a 
half-dozen  clicks,  then  perhaps  half  a  second's  silence, 
then  a  few  more  clicks,  then  another  pause,  etc.  Some 
judgment  must,  therefore,  be  exercised  in  choosing  the 
condition  to  select  as  representative  of  average  pressure 
at  the  phase  under  measurement. 

A  specimen  indicator  card  from  pressure  measure- 
ments every  10  deg.  in  the  cycle  of  a  Waukesha  truck  en- 
gine is  reproduced  in  Fig.  11  to  show  what  results  can  be 
obtained.  Although  these  first  runs  were  made  at  low 
speeds,  later  observations  on  both  cylinder  and  manifold 
pressures  have  been  made  at  speeds  up  to  nearly  3000 
r.p.m.,  and  show  no  effect  of  speed  on  the  operation  or 
accuracy  of  the  indicator.  More  recent  curves  have  been 
made  on  cylinder  and  manifold  pressures  up  to  speeds 
of  2400  r.p.m.  ^ 

THE   DISCUSSION 

A  Member: — Is  the  fluctuation  in  the  curve  shown  in 
Fig.  9  due  to  the  inertia  of  the  instrument? 

C.  F.  Kettering  : — There  is  no  question  that  the  curve 
is  a  composite  of  a  set  of  conditions.  In  other  words, 
you  simply  strike  a  condition  during  combustion  which 
is  not  dissimilar  to  taking  a  plank,  sticking  the  end  out 
over  the  beam,  pulling  the  end  down  and  letting  it  wiggle. 
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Part  of  that  may  be  due  to  the  inertia  of  the  indicator, 
but  nevertheless  the  different  kinds  of  fuel  will  write 
their  names  down  in  fairly  good  shape.  We  know  that 
the  fuel  in  there  changes  its  constants,  whatever  they 
are. 

H.  L.  Horning: — I  agree  that  the  vibrations  are  more 
characteristic  of  the  fuel  than  of  the  inertia  of  the  in- 
strument; although  pur  instrument  is  supposed  to  have 
great  inertia,  the  change  of  fuel  has  more  to  do  with  it. 
I  will  say,  further,  that  the  fuel  and  air  have  much  to  do 
with  it  and  so  has  the  temperature;  it  is  primarily  a 
chemical  phenomenon. 

Thomas  Midgley,  Jr.: — I  agree  with  Mr.  Horning; 
the  vibrations  change  with  the  mixture. 

A  Member: — What  does  benzol  do? 

Mr.  Midgley: — It  gives  a  different  chariicteristic,  a 
smoother  one,  with  a  Hat  top  on  the  curve. 

A  Member: — Can  you  put  in  some  kerosene  and  some 
crude  oil  7 

Mr.  Midgley: — ^We  are  now  running  in  some  fuel  oil. 
It  will  take  a  few  seconds  to  clean  out  the  gasoline  that 
was  in  the  pipe  leading  to  the  mixture  valve;  then  we 
will  get  the  fuel  oil  there  and  you  will  notice  that  the 
curve  will  change  very  decidedly. 

Now  it  is  coming,  you  see  it  starting  to  peak  up  on 
the  screen.  As  the  engine  warms  up,  this  will  become 
very  much  more  intense.  You  see  it  is  coming  up  more 
and  more  sharply  all  the  time.  To  save  time  we  will 
pass  right  on;  the  next  fuel  will  be  ether.  This  is  ex- 
tremely volatile.  I  think  this  one  demonstration  will 
disabuse  your  minds  that  knocking  is  in  any  way  con- 
nected with  volatility.  If  the  engine  is  warm  enough,  we 
need  no  ignition  to  run  on  ether. 

»  I  now  wish  to  show  some  genuine  preignition  with  no 
knocking.  We  will  put  in  some  carbon-bisulphide.  After 
the  carbon-bisulphide  is  put  in  and  it  begins  to  get 
through  the  mixing  valve,  notice  the  early  rise  of  pres- 
sure and  that  there  is  no  knocking  associated  with  this. 
As  the  early  rise  of  pressure  gets  over  to  the  left  side 
of  the  screen,  the  engine  will  spit  back  through  the  in- 
take valve,  showing  that  preignition  is  actually  so  early 
with  this  fuel  that  it  occurs  before  the  intake  valve 
is  closed.  From  this  demonstration  it  is  seen  that 
knocking  is  not  associated  with  preignition. 

The  engine  is  now  operating  on  benzol,  which  1b  a 
compound  quite  different  from  what  we  have  thus  far 
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run  in  the  engine,  as  to  its  chemical  nature.  There  is  no 
trace  of  knocking  whatsoever  with  benzol. 

Now  we  are  running  the  engine  on  alcohol,  which  is 
the  smoothest  burning  fuel  of  any  we  have. 

A  Member: — Can  you  tell  us  the  principal  character- 
istic of  alcohol? 

Mr.  Midgley: — The  principal  characteristic  is  the 
smoothness  of  the  combustion,  the  absolute  lack  of  any 
indication  of  knock  whatsoever. 

A  Membes: — ^With'what  maximum  compression  have 
you  tried  alcohol? 

Mr.  Midgley: — Two  hundred  and  twenty-five  pounds. 

R.  W.  A.  BREWER: — ^Do  you  think  if  you  ran  it  up  as 
high  as  300  lb.  compression,  you  would  produce  a  knock? 

Mr.  Midgley: — No,  I  think  not.  I  wish  to  show  how 
we  can  take  the  knock  absolutely  out  of  fuel  oil,  while 
the  engine  is  running.  We  will  keep  the  spark  advanced 
and  everything  right  up  on  the  engine,  full  power,  proper 
mixture,  everything  the  same.  We  will  then  take  the 
knock  out  of  the  fuel  oil.  The  engine  has  been  purposely 
put  out  of  adjustment  in  order  to  make  the  fuel  oil 
knock  in  it.  We  have  a  special  carbureter  to  run  up 
the  power  and  purposely  advance  the  spark  beyond  where 
it  belongs.  We  also  have  some  carbon  in  the  eylinder- 
head  to  make  the  engine  knock;  the  engine  does  not 
knock  under  normal  operation. 

You  can  now  see  the  knock  coming  in  on  the  screen.  I 
wish  to  take  it  out  for  you.  You  observe  that  the  engine 
is  knocking  violently.  Now,  by  adding  a  drop  of  this 
liquid  at  the  mixing  valve  you  will  see  that  the  knock 
has  entirely  disappeared.  That  was  done  with  one  drop 
of  ethyl-iodide.  I  will  now  show  the  same  effect  by  put- 
ting in  two  drops  of  aniline ;  you  can  see  the  knock  dis- 
appear and  will  appreciate  that  it  was  done  with  a  very 
small  amount  of  material  added  to  the  fuel. 

Mr.  Kettering: — Perhaps  I  can  clarify  a  few  things 
and  so  help  to  concentrate  the  discussion.  This  indicator 
was  worked  out  primarily  from  the  standpoint  of  fuel 
studies,  simply  to  see  how  the  fuel  worked.  It  was  only 
about  eighteen  months  ago  when  we  heard  some  papers 
read  in  which  the  kerosene  knock  was  attributed  purely 
to  preignition.  The  chairman  made  a  very  significant 
remark  when  he  said  that  perhaps  we  have  not  been  try- 
ing the  right  kind  of  thing.  That  is  correct;  we  found 
out  that  what  we  thought  about  this  was  not  right.  After 
we  had  read  all  the  literature  we  went  the  other  way. 
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This  indicator  was  developed  primarily  for  that  purpose. 
It  is  not  intended  to  be  a  precision  instrument,  but  is 
simply  something  with  which  we  can  use  the  different 
kinds  of  fuel  and  run  all  day  long.  It  is  just  something 
that  you  can  sit  and  look  at  that  you  never  saw  before. 

This  demonstration  and  those  fuel  diagrams  show  only 
some  of  the  work  that  has  been  done.  We  have  proved 
absolutely  that  volatility  has  nothing  to  do  with  knock- 
ing, and  have  demonstrated  that  the  molecular  structure 
of  the  fuel  determines  this.  The  dropping  in  of  a  little 
bit  of  ethyl-iodide  on  aniline  was  only  to  show  that  a  very 
small  quantity  of  material  added  to  the  fuel  can  change 
the  whole  nature  of  the  combustion.  With  regard  to  the 
present  fuel  situation,  it  is  just  about  like  this:  someone 
discovered  some  three  or  four  hundred  years  ago  that  sul- 
phur, saltpeter  and  charcoal,  mixed  together,  made  gun- 
powder. That  was  a  great  invention,  but  it  was  three 
hundred  years  before  anyone  thought  it  possible  to  deter- 
mine whether  the  pressure  in  the  gun  barrel  was  right; 
then  they  began  to  find  out  it  was  not  right;  that  black 
powder  was  not  right.  They  then  made  all  the  various 
high-explosive  powders  and  a  gun  today  shoots  a  great 
deal  farther,  makes  much  less  noise,  and  has  less  recoil. 
None  of  these  indications,  none  of  these  physical  things 
that  we  have  regarded  as  being  essential  to  a  gun,  have 
had  ansrthing  to  do  with  it.  We  find  that  by  proportioning 
the  powder  right,  we  get  a  normal  acceleration  of  the 
bullet. 

Our  theories  today  are  just  as  accidental  as  black  gun- 
powder; we  are  using  just  the  fuels  which  normally 
come  from  the  simplest  type  of  distillation  of  petroleum 
products.  We  have  taken  the  stuff  that  has  been  handed 
to  us,  without  a  question  as  to  whether  it  is  right  or 
wrong.  I  think  it  is  possible  for  us  to  make  fuel  where 
it  is  refined  and  introduce  right  into  the  refining  of  fuels 
the  anti-knock  that  is  necessary  to  change  that  fuel.  We 
cannot  influence  it  by  changing  the  chemical  composi- 
tion at  the  place  of  refinement,  without  trying  to  do  it. 
So,  the  thing  to  do  is  to  find  out  there  how  to  fix  that 
knock.  The  indicator  enables  us  to  clarify  our  minds  and 
make  the  problem  more  or  less  quantitative.  What  we 
must  do  is  to  start  at  the  beginning,  recognizing  that 
we  have  a  problem.  The  fact  is  that  we  have  two  prob- 
lems, wet  and  dry  mixtures.  I  could  make  an  experi- 
ment right  here,  refrigerating  the  air  and  burning  kero- 
sene better  with  refrigerated  air,  with  the  wettest  kind 
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of  a  mixture,  than  can  be  done  with  the  driest  kind  of  a 
mixture.  You  can  stop  an  engine  from  knocking  by 
refrigerating  the  air  and  not  reduce  the  power;  in  fact, 
the  power  will  increase.  With  the  ordinary  multi-cylin- 
der engine  we  do  not  know  just  what  is  causing  the 
trouble.  We  must  alter  the  chemical  composition  of  the 
fuel.  I  think  that  the  oil  people  are  doing  that.  It  is 
within  the  possibilities  that  when  we  meet  again  a  year 
hence  we  can  burn  these  lower-gravity  fuels.  Think 
what  it  means  to  take  the  knock  out  of  the  fuel;  the 
formation  of  carbon  then  becomes  entirely  secondary, 
the  compressions  being  high  enough  to  bum  the  normal 
lower-gravity  fuel.  If  we  can  stop  our  former  practices 
and  go  back  the  other  Way,  there  is  no  reason  why  we 
cannot  put  the  engine  compressions  up  where  they  belong 
and  use  smaller  bores. 

We  have  run  many  engines  with  insulated  piston  heads. 
With  an  ordinary  engine  and  about  1/16  in.  of  mica 
sheet  on  top  of  the  piston  heads  we  need  not  care  how  hot 
they  get.  There  is  never  a  premature  explosion.  We  can 
take  a  lot  of  liberties  with  the  fuel  if  we  handle  it  prop- 
erly. With  the  sheet  described  on  top  of  a  piston  head 
the  engine  is  almost  immune  from  carbonization,  for  the 
reason  that  carbon  deposit  consists  of  two  absolutely 
distinct  things,  one,  a  lubricating  binder  which  is  segre- 
gated from  the  lubricating  oil,  and  the  other,  deposited 
carbon  which  comes  out  of  the  fuel. 

Mr.  Vincent  tried  to  foul  the  spark-plugs  by  feeding 
too  much  lubricating  oil.  If  we  can  change  the  rate  of 
combustion  of  the  fuel  so  that  we  can  put  the  compres- 
sions up,  we  will  have  simplified  the  whole  problem  and 
the  progress  of  the  internal-combustion  engine  will  be 
unlimited.  I  am  not  worried  about  the  fuel  situation,  if 
we  can  avoid  clinging  to  the  things  which  we  now  have. 
Kerosene  is  increasing  in  price  because  there  are  millions 
of  kerosene  lamps  yet.  The  electric  farm-lighting  plants 
have  not  been  in  operation  long  enough  to  reduce  their 
number.  But  there  is  a  cut  in  there,  and  the  limitations 
of  kerosene  oil  for  lamps  are  much  narrower  than  those 
for  running  an  automobile  on  it.  We  can  take  liberties 
with  automobile  fuel,  up  and  down,  but  we  cannot  do 
much  with  the  kerosene  cut  for  lamp  lighting.  We  must 
avoid  that  and  reach  down  into  the  fuel-oil  cut  which  is 
about  50  per  cent  of  the  total  of  the  crude.  There  we 
can  get  a  quantity  of  fuel,  but  we  must  refine  it  some- 
what differently,  so  that  we  can  burn  out  the  carbon,  etc. 
It  is  only  by  getting  together  and  conferring  like  this 
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that  we  will  solve  the  fuel  problem.  When  we  can  write 
it  out  on  the  blackboard  in  specific  units,  the  problem  will 
be  solved,  because  there  are  hundreds  of  persons  who  can 
take  those  individual  units  and  go  ahead  with  them. 

With  Mr.  Vincent's  heater  many  things  must  be  con- 
sidered. In  connection  with  dry  mixture,  when  you  bum 
gas  in  a  manifold  that  has  fuel  and  air  in  it,  you  have 
changed  the  whole  nature  of  the  thing;  there  is  the 
tendency  to  condense,  and  the  vaporization  and  other 
factors  are  changed.  For  instance,  if  we  feed  water 
vapor  we  cannot  recondense  the  water  at  212  deg.  fahr. 
A  mixture  with  the  exhaust  gases  plus  steam  does  not 
condense  as  it  would  if  with  pure  steam,  for  familiar  rea- 
sons. So  that  burning  some  gas  in  the  intake  manifold 
right  at  the  start  produces  a  condition  that  has  to  do 
with  distribution,  which  does  not  necessarily  depend 
altogether  upon  the  wet  and  dry  element.  Mr.  Good 
made  some  very  interesting  experiments  in  this  connec- 
tion a  number  of  years  ago  and  found  that  introduction 
of  exhaust  gases  into  the  manifold  modified  the  combus- 
tion. By  introducing  fuel  in  a  semi-burned  condition 
the  fuel  knock  can  be  eliminated. 

When  we  think  of  the  things  we  have  not  done,  we 
reali2se  that  we  are  fortunate  to  have  developed  as  much 
as  we  have,  without  knowing  about  the  most  important 
thing,  the  fuel.  The  automotive  industry  is  a  chemical 
industry.  We  have  acquired  information  on  every  sub- 
ject except  the  most  important  one,  which  is  the  fuel. 

C.  A.  Adams: — Many  years  ago  in  France,  Professor 
Berthelot  made  an  elaborate  investigation  into  the  veloc- 
ity of  propagation  of  combustion  in  gases.  He  found  that 
with  a  given  initial  pressure  and  a  given  temperature 
of  ignition,  or  we  might  say  vigor  of  ignition,  there  is  a 
certain  velocity  of  propagation;  if  the  pressure  or  tem- 
perature is  increased,  the  velocity  of  propagation  is  in- 
creased ;  but  when  a  certain  combination  of  pressure  and 
temperature  is  reached  there  is  an  enormous  jump  in  the 
velocity  from  about  200  to  2000  ft.  per  sec.  This  means 
a  change  in  the  method  of  propagation  and  may  be  visual- 
ized as  follows :  The  increase  of  temperature  accompany- 
ing combustion  causes  an  increase  in  the  amplitude  of 
molecular  vibration;  i.  e.,  adjacent  molecules  approach 
each  other  more  closely  and  the  combustion  is  handed  on 
from  one  to  the  other  more  rapidly,  until  the  amplitude 
of  vibration  reaches  a  point  such  that  adjacent  molecules 
actually  collide,  when  the  time  element  of  heat  transfer 
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from  one  molecule  to  the  next  is  eliminated  and  the  com- 
bustion is  propagated  substantially  at  the  velocity  of  the 
molecular  vibration.  Under  these  conditions  the  com- 
bustion becomes  a  real  explosion  or  detonation,  which  is 
the  cause  of  knocking  in  engine  cylinders.  It  is  like  a 
hammer  blow,  as  compared  with  the  soft  push  of  the 
normal  combustion. 

For  every  mixture  there  is  a  particular  clearance 
below  which  the  compression  is  sufficient,  with  the  ordi- 
nary vigor  of  ignition,  to  produce  knocking,  i.  e.,  a  detona- 
tion, without  preignition.  In  fact,  this  is  the  factor 
which  determines  the  proper  clearance  for  each  type  of 
fuel,  since  on  the  score  of  efficiency  it  is  desirable  to 
have  the  maximum  compression  possible  without 
knocking. 

Information  is  already  available  as  to  the  critical  tem- 
perature-pressure relations  at  which  detonation  takes 
place  in  certain  gases  and  vapors,  but  not  in  many  of 
the  fuels  now  in  use  or  in  contemplation  for  internal- 
combustion  engines.  Is  this  not  an  opportunity  for  con- 
ducting research  which  would  be  Of  great  value  to  the 
engine  designer,  the  results  of  which  would  allow  en- 
gines to  be  really  designed  rather  than  to  be  just  al- 
lowed to  happen?  There  are  many  other  considerations 
affecting  design,  but  this  is  certainly  of  fundamental  im- 
portance and  worthy  of  study. 

Mr.  Kettering  is  absolutely  right  in  his  estimate  of 
the  importance  of  research  and  I  am  glad  to  see  that 
the  Society  is  beginning  to  appreciate  that  importance. 
We  will  probably  find  that  it  will  pay  to  start  such  re- 
search work,  with  a  study  of  existing  literature  in  the 
pure  science  side  of  the  subject.  We  may  find  much  valu- 
able information  already  worked  out  by  scientists  who 
had  no  thought  of  its  application  to  the  design  of  internal- 
combustion  engines. 

P.  L.  Scott: — ^We  have  been  working  with  a  type  of 
engine  in  which  carbureter  and  ignition  systems  are 
not  used,  and  have  had  some  very  astonishing  results  in 
the  behavior  of  fuel,  when  admitted  to  the  cylinder  only 
when  we  wanted  combustion  to  start.  We  have  secured 
as  many  as  ten  waves  of  combustion,  and  by  a  simple 
change  have  stopped  that  entirely.  On  other  occasions 
we  have  taken  two  widely-different  fuels  and  been  able 
to  produce  violent  knocking  and  a  number  of  waves  on 
the  indicator  card  in  each  case ;  then,  by  another  change 
in  the  manner  of  admission  of  the  fuel,  we  have  reduced 
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the  phenomenon.  This  shows  that  there  is  a  very  wide 
field  for  development  in  this  direction.  The  compres- 
sions are  very  low  compared  to  Diesel-engine  practice. 
The  compressions  that  were  used  run  as  low  as  200  lb. 
per  sq.  in.,  and  the  injection  pressure  of  the  oil  fuel 
has  run  as  high  as  10,000.  Has  the  speaker  ever  found 
waves  continuing  for  more  than  five  lengths  on  any 
specific  card,  or  found  as  many  as  ten  waves  on  a  card  ? 

H.  C.  Gibson  : — The  greatest  value  of  this  lecture  on 
indicators  may  be  in  impressing  upon  the  minds  of  those 
who  have  looked  upon  the  indicator  as  something  of  a 
nuisance,  something  to  be  avoided  because  of  its  compli- 
cations and  difficulties,  the  ease  with  which  we  can  get 
indications  of  what  is  happening  inside  of  the  cylinder. 
After  all,  that  is  exactly  what  we  have  to  do.  We  are 
today  tending  more  and  more  to  the  division  of  the 
power  among  a  large  number  of  cylinders.  Every  time 
we  add  a  cylinder  we  add  another  team-mate  to  the  crew 
we  already  have,  and  we  must  investigate  the  qualifica- 
tions of  each  member  of  the  crew.  If  we  merely  take 
the  aggregate  performance  of  those  members,  we  get 
an  extremely  poor  answer  as  to  performance.  So  it  is 
with  the  dynamometer  or  with  tests  up  a  hiU  with  a  car; 
we  have  obtained  only  the  results  of  the  combined,  not 
the  individual  effort.  If  we  make  a  change  of  design 
or  accessories,  we  perhaps  get  a  result  whereby  75  per 
cent  of  the  cylinders  give  a  better  effort,  while  the  re- 
mainder give  a  poorer  one;  but  the  net  is  10  per  cent 
better,  the  overall  advantage  satisfies  us,  and  we  let  it 
go  at  that.  If  we  investigated  each  member  of  the  team, 
we  could  develop  the  operation  of  each  cylinder  to  maxi- 
mum advantage.  I  feel  that  every  manufacturer  of 
internal-combustion  engines  ought  to  be  equipped  with 
apparatus  of  this  character  for  that  purpose. 

Mb.  Midgley: — I  have  a  photographed  card  that  I 
would  like  to  show  in  reply  to  the  query  about  having 
more  than  five  wave  lengths.  With  regard  to  investigat- 
ing fixed  gases  and  the  introduction  of  acetylene,  we 
have  never  done  that,  but  we  have  made  fixed  gases 
knock  by  merely  raising  the  compression.  The  relation- 
ship between  volatility  and  knocking  is  off  the  indicator 
subject,  but  it  has  been  investigated  with  the  indicator, 
and.  we  found  that  in  the  same  homologous  series  there  is 
an  increase  of  knocking  with  the  decrease  of  volatility, 
but  there  exists  no  relationship  in  volatility  between 
different  chemical  series ;  as  we  have  reason  to  expect,  we 
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do  not  find  when  we  get  down  to  where  we  have  nothing 
but  fixed  gases  to  deal  with,  that  we  can  get  rid  of  the 
knock. 

A  Member: — Does  that  pressure-time  diagram  tell  any 
more  than  that  the  pressure  is  greater  or  less? 

Mr.  Midgley: — Not  a  thing  more;  It  simply  tells 
whether  it  is  greater  or  less  than  the  admitted  pressure. 

Pr.  H.  G.  Dickinson  :— It  was  thought  that  in  a  gen- 
eral discussion  of  indicators  it  would  be  very  desirable  te 
have  a  paper  covering  all  that  is  new  on  the  subject,  and 
so  a  description  of  the  Bureau  of  Standards'  indicator 
was  given  by  Mr.  Midgley. 

As  to  the  reason  for  adopting  this  type  of  indicator, 
about  two  years  ago  we  found  it  necessary  to  devise  some 
means  for  getting  records  without  getting  near  the  en- 
gine. There  are  two  reasons  why  the  aircraft  engine 
presents  a  problem  that  no  other  engine  has  presented, 
and  one  of  these  I  will  discuss  briefly.  The  aircraft  en- 
gine is  light  and  is  usually  mounted  on  a  flexible  support. 
Therefore  the  engine  itself  vibrates  with  rather  high 
accelerations.  This  makes  it  very  difficult  to  mount  any 
recording  mechanism  which  must  be  rigidly  connected  to 
the  engine.  Although  the  difficulty  might  be  overcome, 
there  is  another  difficulty  connected  with  the  design  of 
an  indicator  for  a  light  engine  which  we  have  also  over- 
come in  this  instrument.  This  is  a  more  fundamental 
diffkulty  and  one  which,  so  far  as  I  know,  has  not  come 
into  the  literature. 

Through  the  top  of  a  cylinder-head,  surrounded  by  a 
water-jacket  and  an  outer  wall,  we  insert  an  indicator 
with  a  piston  or  some  moving  part.  The  indicator  piston 
has  considerable  weight  and  to  reduce  inertia  effects  it 
is  necessary  that  the  range  of  motion  which  actuates  the 
recorder  be  very  limited.  Therefore  we  have  a  support 
rigidly  mounted  on  the  cylinder-head  and  a  rather  heavy 
moving  part,  the  piston  with  a  recording  device  of  some 
sort  which  magnifies  the  relative  motion  between  this 
support  and  the  free  piston  one  or  two  hundred  times. 
This  is  very  good  as  long  as  the  cylinder-head  itself  is 
rigid  enough,  but  suppose  we  consider  the  Liberty  cylin- 
der, for  instance,  where  the  thickness  of  material  is 
cut  down;  then,  whenever  anything  unusual  such  as  a 
knock  occurs  in  that  cylinder,  of  course  this  cylinder- 
head  itself  flexes  with  very  high  velocity.  Therefore  the 
flexing  of  the  head  carries  the  supposedly  solid  support 
of  this  piston  device  with  it  and  allows  the  piston  to 
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remain  more  or  less  stationary,  acting  in  the  same  way 
as  the  seismograph.  This  effect  probably  occurs  in  the 
very  violent  vibrations  which  take  place  during  knocking 
at  least,  and  is  perhaps  also  due  to  flexing  of  the  cylinder- 
head  under  normal  explosion  pressures.  I  believe  that 
these  motions  are  not  of  sufficient  magnitude  to  be  of  any 
consequence  in  the  cast-iron  cylinders  which  we  usually 
encounter,  but  in  very  light  constructions  they  are  cer- 
tainly a  mechanical  difficulty  that  has  to  be  guarded 
against.  In  planning  this  design  of  indicator  we  must 
overcome  that  difficulty  by  replacing  the  piston  by  a  very 
light  diaphragm  supported  by  corrugated  plates,  which 
are  not  only  perforated  but  turned  out  in  annular  rings 
so  that  the  only  bearing  surface  of  the  diaphragm  is  rep- 
resented by  these  rings,  the  other  portions  being  under- 
cut. There  is  very  little  contact  between  the  diaphragm 
and  the  support,  and  yet  the  support  is  sufficiently  good 
that  a  diaphragm  0.002  or  0.003  in.  thick  will  withstand 
600  or  700  lb.  pressure  and  be  sensitive  to  within  0.1  lb., 
or  2  or  3  mm.  of  mercury,  at  pressures  down  around 
10  lb.  vacuum. 

In  ordinary  operation  two  things  can  be  done  with 
this  indicator;  we  can  use  it  with  a  telephone  receiver 
and  a  pressure  gage,  or  as  an  automatic  plotting  device 
with  a  cylinder  rotating  at  crankshaft  speed,  using  an 
ordinary  indicator  spring  and  pencil  arm  with  an  electric 
spark,  so  marking  a  paper  on  the  revolving  drum  to  re- 
cord the  steady  pressure  applied  to  the  upper  side  of  the 
diaphragm.  For  public  demonstration  we  have  substi- 
tuted for  the  telephone  a  high-power  announcer,  and  we 
have  substituted  for  the  pressure  gage  the  working  parts 
of  the  pressure  gage,  namely,  the  bourdon  tube  with  a 
mirror  attached  to  it,  which  throws  a  spot  of  light  upon 
the  chart,  so  that  the  pressure  scale  can  be  seen  directly 
on  the  chart  and  the  contact  made  in  the  telephone  re- 
ceiver can  be  heard. 

When  the  pressure  in  the  cylinder  is  lower  than  the 
pressure  applied  above,  the  electric  contact  in  the  tele- 
phone circuit  is  broken  and  nothing  happens.  When  the 
pressure  in  the  cylinder  is  higher,  there  is  a  contact 
between  the  diaphragm  and  the  electrode  in  the  telephone 
circuit;  and  if  the  one-point  timer,  which  is  also  in  the 
circuit,  makes  contact  at  any  time  during  that  portion  of 
the  stroke  during  which  the  diaphragm  is  in  contact  with 
the  upper  support,  there  will  be  a  click  in  the  telephone 
receiver.    Therefore  the  method  of  getting  the  pressure 
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at  any  particular  point  is  to  first  set  this  timer  at  any 
desired  point,  say  at  dead  center;  we  then  vary  the  pres- 
sure over  the  diaphragm,  first  increasing  it  until  the 
clicking  begins  to  become  irregular,  that  is,  until  we  get 
an  occasional  break  in  the  periodic  ticking  in  the  tele- 
phone. This  is  the  lowest  pressure  which  occurs  at  that 
point  in  the  cycle ;  we  then  continue  to  raise  the  pressure 
until  the  clicking  entirely  ceases.  That  represents  the 
highest  pressure  which  occurs  at  that  point  in  the  cycle. 
We  will  now  demonstrate  this. 

First  we  intend  to  show  the  range  of  maximum  pres- 
sures which  occur.  This  engine  is  adjusted  so  that  it  is 
operating  very  irregfularly ;  therefore  there  will  be  a  very 
wide  range  over  which  the  maximum  pressures  occur. 
We  shall  not  attempt  to  use  anything  except  gasoline 
and  will  show  the  method  of  getting  the  pressure  which 
occurs  at  some  specific  point  in  the  compression  or  explo- 
sion strokes  of  the  cycle.  Then  we  will  plot  a  diagram 
which  I  think  will  prove  very  useful  with  this  device,  a 
low-pressure  card  of  the  intake  or  exhaust  or  compres- 
sion stroke,  as  desired.  The  electrical  current  is  now 
passing  through  the  diaphragm. 

Herbesrt  Chase:— What  is  the  object  of  the  central 
hollow  tube  at- the  cylinder  connection? 

Dr.  Dickinson  : — The  object  of  the  hollow  tube  or  the 
series  of  small  tubes  is  to  cool  the  gas  to  some  extent  on 
passing  through  the  water-jacket  before  it  reaches  the 
diaphragm.  That  is  not  essential,  but  it  was  incorpo- 
rated in  this  design. 
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COMPOSITE  FUELS 

By  Joseph  E  Pogue^ 

The  progressive  decrease  in  the  volatility  of  gasoline 
due  to  the  insufficiency  of  the  high- volatility  supply  has 
developed  a  problem  of  efficient  utilization  of  intemal- 
combustion-engine  fuel  that  requires  coordination  be- 
tween the  engine  and  its  fuel  and  a  technical  as  well 
as  economic  adjustment  between  supply  and  demand. 
The  three  channels  through  which  this  adjustment 
tends  toward  accomplishment  are  stated  and  commented 
upon,  consideration  then  passing  to  the  three  main  re- 
sources from  which  the  components  of  composite  fuels 
can  be  drawn.  Regarding  benzol  and  alcohol  for  use 
as  engine  fuel,  neither  can  be  produced  in  sufficient 
quantities  in  the  near  future  to  replace  gasoline  and 
this  whole  field  needs  greater  research  attention,  but 
the  danger  of  thus  obscuring  the  necessity  of  engine 
adaptations  to  secure  higher  thermal  efficiency  and  les- 
sened dependence  upon  specialized  fuels  is  also  pointed 
out,  these  being  essential  elements  in  a  fundamental 
solution  of  the  engine-fuel  problem. 

In  the  past  year  considerable  attention  in  the  automo- 
tive field  has  turned  to  the  relation  between  the  internal- 
combustion  engine  and  its  fuel.  The  rapid  rise  of  auto- 
motive transportation  in  recent  years  has  been  the  occa- 
sion of  a  country-wide  change  in  the  volatility  of  gaso- 
line, which  has  attracted  widespread  interest  and  raised 
the  problem  of  better  fitting  the  fuel  to  the  engine,  or 
vice  versa,  or  else  striking  a  compromise  between  the  two. 

The  problem  noted  above  has  been  frequently  spoken 
of  as  one  of  fuel  shortage,  actual  or  prospective.  There 
is  no  danger  of  a  material  shortage  of  automotive  fuel  in 
the  United  States  for  some  years  to  come,  although  an 
artificial  shortage  can  readily  be  created  if  engine  and 
fuel  are  permitted  to  develop  at  cross-purposes.  Ex- 
pressed in  other  terms,  our  liquid  fuel  resources,  lavishly 
and  wastefuUy  drawn  upon  though  they  have  been,  are 
still  sufficient  to  sustain  the  needs  of  the  immediate 
future,  if  only  the  products  are  efficiently  utilized. 
Efficient  utilization  means  coordination  between  the  en- 
gine and  its  fuel,  a  technical  as  well  as  economic  adjust- 
ment between  supply  and  demand. 

*  Industrial  economist  and  engineer,  Sinclair  Reflning  Co.,  Chi- 
cago, 111. 
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.   As  the  matter  is  shaping  now,  there  are  three  avenues 
through  which  this  adjustment  is  tending  to  come  about 

(1)  The  production  of  a  growing  quantity  of  synthetic 
gasoline  from  the  heavier  oils,  through  the  so- 
called  cracking  processes  of  distillation 

(2)  Adaptations  on  the  part  of  the  engine  to  accom- 
modate the  efficient  utilization  of  less  volatile  gaso- 
lines and  heavier  oils 

(3)  The  development  of  composite  fuels  or  blends, 
which  i>ermit  the  enlargement  and  possibly  the  im- 
provement of  the  fuel  supply,  through  additions 
of  material  not  suitable  or  sufficiently  bountiful 
alone  to  be  of  consequence 

The  future  of  any  one  of  these  three  expedients  for 
furthering  the  advance  of  automotive  transportation  de- 
pends upon  the  course  of  development  in  respect  to  the 
other  two,  and  the  final  outcome  may  be  expected  to  be 
the  resultant  of  numerous  factors  which  cannot  be  wholly 
appraised  in  advance.  Not  the  least  of  these  is  the  ex- 
tent to  which  the  whole  matter  is  brought  under  scientific 
control  by  far-sighted  and  constructive  efforts  on  the 
part  of  the  fuel  and  automotive  industries  acting  in  com- 
mon. A  final  adjustment  may  be  reached  through  the 
outworn  method  of  trial  and  error  or  through  the  more 
modem  means  employed  in  meeting  tangible  engineering 
issues. 

Composite  fuels  are  by  no  means  a  new  element  in  the 
fuel  situation,  even  in  the  United  States.  Indeed,  much 
of  the  gasoline  marketed  in  this  country  today  is  com- 
posed of  straight-refinery  gasoline  blended  with  gasoline 
made  in  pressure  stills,  or  with  casing-head  gasoline  re- 
covered from  natural  gas,  together  with  petroleum  dis- 
tillates that  were  formerly  sold  as  naphtha  or  kerosene; 
and  even  some  gasolines  are  being  modified  through  the 
addition  of  benzol.  Casing-head  blends  alone  have  suc- 
ceeded in  adding  about  10  per  cent  to  our  total  supply  of 
engine  fuel.  Composite  fuels,  in  which  not  only  distil- 
lates of  petroleum  origin  but  benzol,  coal-tar  oils,  alcohol 
and  even  other  chemical  products  play  a  part,  have  of 
course  long  been  in  use  in  Europe,  and  some  of  these  met 
with  considerable  expansion  during  the  war,  especially  in 
Germany.  In  the  past  12  to  18  months,  fuel  blends  con- 
taining benzol  or  alcohol  have  also  come  into  qualitative^ 
if  not  quantitative,  prominence  in  the  United  States, 
thus  drawing  attenion  to  the  possibilities  of  their  future 
importance  in  this  country. 
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Sources  of  Composite  Fuels 

The  resources  in  sight  from  which  the  components  of 
composite  fuels  may  be  drawn  are  mainly  three  in 
number 

(1)  Crude  petroleum,  including  its  successor,  shale-oil 

(2)  Bituminous  coals,  which  are  capable  of  yieldnig  tar 
oils,  benzol  products  and  other  hydrocarbons  when 
subjected  to  by-product  distillation 

(3)  Organic  products  rich  in  sugars,  starches  or  cellu- 
lose, especially  waste  products  of  organic  origin, 
from  which  oxygenated  hydrocarbons  such  as  al- 
cohols and  ethers  can  be  manufactured,  chiefly 
through  the  aid  of  bacterial  fermentation 

As  regards  the  quantity  of  raw  material  available,  the 
United  States  is  bountifully  endowed  in  all  three  respects. 
Since,  however,  an  extensive  and  highly  organized  in- 
dustrial agency  of  fabrication  and  distribution  must 
stand  between  these  resources  and  the  utilization  of  their 
fuel  potentialities  for  automotive  power,  the  development 
of  composite  fuels  becomes  dependent  not  only  upon  tho 
conditions  controlling  the  growth  of  the  oil-refining  in- 
dustry, the  coal-refining  industry  and  a  group  of  activi- 
ties which  may  be  termed  the  fermentation  industry  but 
also  upon  the  interplay  between  these  three  interrelated 
activities. 

The'  oil-refining  industry  is  the  largest,  most  firmly 
established  and  highly  developed  of  the  three,  and  its 
capacity  and  industrial  ability  may  be  rather  briefly  dis- 
missed as  being  sufllciently  in  mind.  This  industry  turns 
out  four  products  of  major  importance  to  modem  civiliza- 
tion, gasoline,  kerosene,  fuel  oil  and  lubricating  oil,  not 
to  mention  a  host  of  by-products ;  and  its  output  of  gaso- 
line, in  consequence,  is  intimately  tied  up  with  the  pro- 
duction of  joint  products  demanded  by  needs  scarcely 
less  pressing  than  automotive  transportation.  Thus, 
gasoline  has  become  a  product  which  must  be  produced, 
if  the  market  for  other  oil  products  is  to  be  supplied; 
while  the  oil  industry,  in  addition,  has  established 
country-wide  machinery  for  distribution.  These  eco- 
nomic facts  have  a  direct  bearing  upon  the  manner  in 
which  composite  fuels  can  be  expected  to  develop;  they 
make  it  probable  that  composite  fuels,  if  found  desirable, 
will  ultimately  be  purveyed  dominantly  by  the  oil  in- 
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dustry  rather  than  by  outside  activities,  under  whatever 
auspices  the  initial  developments  take  place  and  without 
any  reference  whatsoever  to  matters  of  financial  control. 

The  coal-refining  industry  has  thus  far  been  slow  of 
development  in  the  United  States.  To  date  it  has  suc- 
ceeded in  involving  only  about  one-twelfth  of  the  bitu- 
minous coal  brought  into  use,  approximately  eleven- 
twelfths  being  still  consumed  in  the  raw  state;  the  coke 
industry  and  the  artificial  gas  industry  are  responsible 
for  the  advance  noted.  The  production  of  benzol  and  re- 
lated hydrocarbons  is  mainly  dependent  upon  the  progress 
attained  in  coal  refining. 

Up  to  the  present,  most  of  this  progress  has  taken 
place  in  the  coke  industry,  where  by-product  practice  is 
gradually  superseding  the  so-called  beehive  process,  in 
which  benzol  and  other  by-products  are  not  recovered; 
benzol  is  now  being  produced  in  connection  with  about 
half  of  the  coke  manufactured  in  this  country.  In  1918 
the  output  of  benzol  from  this  source  was  44,000,000  gal. 
With  by-product  practice  throughout  the  coke  industry, 
the  output  would  have  been  but  doubled,  scarcely  2  per  cent 
of  the  quantity  of  gasoline  produced  in  1919.  The  coke 
industry,  therefore,  can  at  best  be  expected  to  furnish 
a  quantity  of  liquid  fuel  wholly  inadequate  to  have  broad 
significance,  except  in  so  far  as  it  may  be  used  as  a 
blending  agent  to  give  desirable  qualities  to  other  liquid 
fuels  obtainable  in  larger  quantities. 

The  artificial  gas  industry  was  responsible  in  1918  for 
the  production  of  4,400,000  gal.  of  benzol,  recovered  from 
gas  plants  operating  with  by-product  recovery.  The  en- 
tire artificial  gas  industry,  however,  consumes  less  than 
2  per  cent  of  the  country's  supply  of  bituminous  coal,  and 
as  long  as  this  activity  retains  its  present  relatively 
stationary  status  the  quantity  of  engine  fuel  to  be  ex- 
pected from  this  source  is  practically  negligible.  There 
is  a  possibility,  however,  that  the  next  few  years  will  see 
the  upgrowth  of  municipal  fuel  plants  and  centralized 
power  stations,  operating  with  by-product  recovery, 
which  will  give  a  new  source  of  benzol  of  greater  poten- 
tial significance  than  the  coke  industry  in  its  entirety. 
Such  developments,  on  the  other  hand,  must  of  necessity 
be  slow;  and  should  benzol  eventually  be  extracted  from 
the  bulk  of  our  bituminous  coal,  it  is  evident  that,  on  a 
basis  of  2  to  3  gal.  per  ton,  the  supply  will  even  then  fall 
far  short  of  a  dominant  position  as  a  source  of  automo- 
tive power. 
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Possibilities  of  Alcohol 

The  fermentation  industry,  notably  the  branch  having 
to  do  with  the  manufacture  of  industrial  alcohol,  has 
been  strongly  stimulated  by  war  demands,  and  industrial 
machinery  is  now  available  for  the  production  6f  consid- 
erable alcohol  for  fuel  purposes.  The  arrival  of  prohibi- 
tion has  also  freed  a  large  equipment  from  other  duties, 
which  might  in  part  be  devoted  to  a  similar  end.  There 
are  serious  handicaps  of  a  sentimental  nature,  however, 
which  tend  to  bind  the  manufacture  of  industrial  alcohol 
with  governmental  restriction  harmful  to  proper 
progress;  although  the  war-installed  equipment  and  the 
cheapness  of  the  requisite  raw  material  may  be  sufficient 
to  balance  these  drawbacks. 

Alcohol  alone  can  be  used  to  advantage  only  in  en- 
gines especially  adapted  to  this  fuel,  but  various  mixtures 
of  alcohol,  benzol,  gasoline  or  other  petroleum  distillates 
and  other  materials  have  given  promising  results.  It  is 
of  great  significance  from  an  economic  standpoint  that 
alcohol,  benzol  and  the  lighter  petroleum  distillates  such 
as  gasoline  and  kerosene  can  readily  be  rendered  miscible. 
It  is  probable  that  alcohol,  like  benzol,  will  not  come  into 
widespread  use  as  a  single  fuel,  but  has  a  broad  sig- 
nificance, for  the  present  at  least,  only  as  a  blending 
agent  in  connection  with  liquid  fuels  obtainable  in  larger 
quantities. 

The  quantity  of  alcohol  which  will  be  produced  in  thi^ 
country  in  the  immediate  future  is  much  more  difficult  to 
forecast  than  in  the  case  of  benzol.  The  United  States  in 
1916,  1917  and  1918,  turned  out  about  50,000,000  gal.  of 
denatured  alcohol  each  year,  having  jumped  from  an  out- 
put of  14,000,000  gal.  in  1915  under  the  stimulus  of  a 
demand  born  of  munitions  requirements.  Much  of  the 
industrial  alcohol  under  manufacture  today  is  made  from 
sugar  molasses  and  waste  sulphite  liquor;  while  garbage, 
fruit  wastes  and  ethylene  from  coal-distillation  plants 
have  been  suggested  as  supplementary  resources.  While 
the  alcohol  capacity  of  the  country  cannot  be  closely  esti- 
mated without  a  special  investigation  beyond  the  scope 
of  this  article,  the  conclusion  seems  inevitable  that  for 
some  time  to  come  the  available  supply  of  alcohol  will 
bear  a  close  quantitative  analogy  to  benzol,  the  two  com- 
bined bulking  small  when  compared  with  engine-fuel 
requirements  which  will  approach  5,000,000,000  gal.  in 
1920. 

On  the  whole,  therefore,  it  may  be  concluded  that  ben- 
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zol  and  alcohol  hold  somewhat  analogous  positions  in  re» 
spect  to  the  supply  of  engine  fuel.  Neither  can  be  pro- 
duced in  sufficient  quantities  in  the  near  future  to  replace 
gasoline;  both  have  interesting  possibilities  in  the  direc- 
tion of  improving  the  character  of  the  fuel  supply  in 
respect  to  present  engine  types.  This  whole  field  is  un- 
developed and  stands  in  need  of  more  research  attention 
than  has  been  accorded  it. 

Higher  Thermal  Efficiency  of  Engines 

Composite  fuels,  while  holding  out  the  possibility  of 
improving  the  adjustment  now  obtaining  between  the 
fuel  and  the  engine,  present  also  the  danger  of  obscuring 
for  a  time  the  necessity  of  adaptations  on  the  part  of  the 
engine  in  the  direction  of  higher  thermal  efficiency  and 
lessened  dependence  upon  specialized  fuels.  Compoflite 
fuels,  if  found  to  fulfill  their  initial  promise  of  advantage 
in  utilization,  can  be  developed  by  the  oil  industry  or, 
in  a  more  limited  manner,  by  outside  agencies ;  but  they 
can  be  more  readily  developed  on  a  large  scale  by  the  oil 
industry,  because  of  its  control  of  working  channels  of 
distribution. 

In  conclusion,  while  nothing  revolutionary  may  be 
expected  in  the  way  of  composite  fuels  that  will  displace 
gasoline,  there  may  come  into  evidence  a  steady  trend 
toward  a  fuel  supply  of  petroleum  origin  carrying  small 
quantities  of  other  materials,  chiefly  benzol  and  alcohol, 
which  will  facilitate  utilization  in  the  present  types  of 
engines.  It  would  be  unfortunate,  however,  if  this  out- 
come resulted  in  a  relaxation  of  the  efforts  for  higher 
thermal  efficiency  and  for  lessened  dependence  upon 
specialized  fuels,  which  still  remain  essential  elements  in 
a  fundamental  solution  of  the  engine-fuel  problem. 
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By  L  H  PoMEROY^ 

War  service  demanded  that  gasoline  engines  be 
absolutely  reliable  in  minor  as  well  as  major  de- 
tails of  construction;  lightness  of  construction  was 
second  in  importance.  The  war  scope  of  the  gasoline 
engine  was*  so  wide  that  engineers  were  forced  toward 
the  solution  of  unexpected  and  unrealized  problems  and 
a  vast  amount  of  valuable  data  resulted.  This  informa- 
tion includes  recent  determination  of  the  quantitative 
nature  of  the  factors  governing  thermodynamic  per- 
formance in  respect  to  mean  effective  pressure,  com- 
pression ratio  and  the  effect  of  volumetric  efficiency; 
mechanical  performance  in  regard  to  mechanical  effi- 
ciency and  internal  friction;  and  engine  balancing.  The 
problems  of  the  past  five  years  of  intensive  gasoline- 
engine  experience,  thus  brought  under  critical  survey 
for  the  first  time,  are  discussed  in  the  light  of  recent 
developments  and  a  reexamination  made  of  designers' 
existing  pra<ctice  to  determine  the  trend  o'f  design  re- 
garding the  obtaining  of  absolute  mechanical  efficiency; 
the  application  of  modem  views  of  gasoline  engine  ther- 
modynamics; improvements  in  mechanical  efficiency,  en- 
gine balancing,  carburetion  and  capacity  to  utilize  low- 
grade  fuels;  the  principles  of  light-engine  design;  and 
clean-cut  deeign  in  general. 

At  the  moment,  engine  design  is  developing  in  the  light 
of  experience  gained  in  the  past  five  years  of  war,  and 
according  to  the  economic  demands  resulting  from  the 
world  shortage  of  materials  arising  from  the  same  cause. 
From  the  engineering  point  of  view,  the  war  turned  half 
the  world  into  a  gigantic  experimental  shop  in  which  the 
result  was  the  only  thing  that  counted,  without  regard  to 
the  cost  of  obtaining  it.  All  services  demanded  that  gaso- 
line engines  should  be  absolutely  reliable  in  minor  as  well 
as  major  details  of  construction.  Trucks  and  cars,  for 
instance,  had  to  be  operated  virtually  independently  of 
a  service  station,  and  under  conditions  where  life  might 
be  endangered  as  much  by  a  defective  spark-plug  as  by 
a  broken  crankshaft.  This  imperative  demand  for  abso- 
lute reliability  showed  very  clearly  the  importance  of 
detail  design  and  manufacture.     Cars  and  particularly 

*CoiiBultingr  engineer,  Cleveland,  Ohio. 
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trucks  that  were  defective  in  some  more  or  less  unim- 
portant detail  for  ordinary  service  v^ere  discarded  dur- 
ing the  war  for  these  slight  defects. 

Second  to  reliability  in  importance  came  lightness  of 
construction,  either  absolute  or  in  relation  to  thermal 
efficiency,  as  in  aeronautic  engines,  and  of  equal  impor- 
tance was  thermal  efficiency  per  se,  with  the  capacity  to 
use  low-grade  fuels.  It  is  not  suggested  that  all  of  these 
points  were  of  equal  importance  on  all  kinds  of  gasoline 
engines,  but  some  applied  to  all  engines,  and  all  applied 
to  some. 

The  scope  of  the  gasoline  engine  during  the  war  was 
so  wide,  the  necessity  for  its  use  so  imperative,  that  engi- 
neers have  been  literally  forced  toward  the  solution  of 
problems  hitherto  unrealized.  Arising  from  these  devel- 
opments a  vast  amount  of  information  is  available,  which 
he  who  runs  may  read.  Airplane,  touring  car,  truck, 
tractor  and  tank  have  been  developed  or  stimulated  by 
the  test  of  war.  The  history  of  previous  civilization, 
in  which  progress  would  have  been  delayed  by  thousands 
of  years  had  a  League  of  Nations  been  established  1000 
years  ago,  repeats  itself  so  that  today  we  are  in  a  posi- 
tion to  take  stock  of  the  accumulation  of  war  experience 
for  the  betterment  of  the  gasoline  engines  of  tomorrow. 
The  engineer  engaged  upon  a  new  design  has  a  wealth  of 
knowledge  at  his  disposal,  so  that,  although  there  have 
been  but  few  variations  from  type  due  to  the  war,  it  is 
possible  for  him  to  design  with  a  sureness  of  touch  and 
to  achieve  results  out  of  all  proportion  to  the  apparent 
difference  between  a  new  design  and  that  of  a  few  years 
ago. 

The  factors  governing  thermodynamic  performance  in 
respect  to  mean  effective  pressure,  compression  ratio  and 
the  effect  of  volumetric  efficiency,  have  been  recognized 
and  known  for  many  years,  but  the  quantitative  nature 
of  these  factors  in  gasoline  engines  running  at  high 
speeds  has  been  only  recently  determined.  Similarly, 
there  have  been  many  contributions  to  our  knowledge  of 
the  mechanical  performance  of  gasoline  engines  in  respect 
to  mechanical  efficiency  and  internal  friction,  but  the 
quantitative  nature  of  the  f rictional  effects  arising  from 
each  organ  is  a  product  of  recent  research.  Engine  bal- 
ancing has  also  been  the  subject  of  much  attention,  as 
engine  speeds  have  been  gradually  raised  to  enable  the 
high-speed  characteristics  of  the  gasoline  engine  to  be 
fully  exploited. 
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In  general,  the  result  of  the  past  live  years  of  inten- 
sive gasoline  engine  application  has  brought  a  host  of 
problems  under  critical  survey  for  the  first  time,  and 
of  no  less  importance  is  the  re-examination  of  the  posi- 
tion in  respect  to  many  designers'  articles  of  faith  that 
are  crystallized  in  existing  practice.  It  is,  therefore,  pro- 
posed to  discuss  the  trend  of  design  in  the  light  of  recent 
developments  of  the  following : 

(1)  The  effect  toward  obtaining  absolute  mechanical 
reliability 

(2)  The  application  of  modern  views  of  gasoline  en- 
gine thermodynamics 

(3)  Improvements  in  mechanical  efficiency 

(4)  Improvements  in  engine  balancing 

(5)  Improvements  in  carburetion  and  the  capacity  to 
deal  with  low-grade  fuels 

(6)  The  principles  of  light-engine  design 

(7)  Cleanness  of  design 

Mechanical  Reliability 

The  aim  of  the  engineer  during  all  time  has  been  to 
overcome  the  weakness  of  the  materials  he  has  been 
forced  to  use  and  the  defects  arising  from  his  ovm 
ignorance  and  carelessness,  to  say  nothing  of  the  igno- 
rance and  carelessness  of  others.  The  advent  of  the 
automobile,  its  immediate  appeal  to  a  pleasure-loving 
public  and  its  enormous  convenience  and  economic  appli- 
cation, created  a  demand  which  it  is  not  unfair  to  say 
killed  or  seriously  wounded  for  some  time  the  ideals  of 
the  engineer.  The  truth  that  the  best  is  the  cheapest, 
which  has  been  demonstrated  over  and  over  in  other 
engineering  fields,  was  temporarily  lost  sight  of  and  good 
engineering  was  subordinated  to  the  whims  of  the  pur- 
chase, production  and  sales  departments.  The  result  is 
well  known.  Many  firms  in  both  Europe  and  America 
have  had  to  clean  house  and  set  out  to  incorporate  good 
engineering,  apparently  at  the  expense  of  production,  to 
find  ultimately  that  accuracy  and  quality  of  machine 
workmanship  were  not  only  compatible  with  cheap  pro- 
duction but  reduced  production  cost,  and  that  a  few  hours 
spent  on  the  drawing-board  were  repaid  infinitely  by 
shop  economies.  The  combination  of  good  design,  work- 
manship and  material,  reflects  itself  immediately  in  the 
satisfaction  of  the  purchaser  and  the  reduction  of  service 
charges  and  maintenance.  It  is  safe  to  say  that  at  no 
time  in  the  history  of  the  development  of  the  automobile 
have  the  services  and  possibilities  of  the  engineer  been 
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as  widely  realized  by  commercial  administration  as  today. 
The  underlying  reason  is,  as  usual,  a  matter  of  dollars. 

The  proportion  of  the  catalog  price  chargeable  to 
brains  and  labor  is  but  a  small  one,  at  the  outside  not  in 
excess  of  20  per  cent;  the  item  chargeable  to  materials 
is  at  least  twice  this,  and  further,  the  difference  between 
the  cheapest  and  most  expensive  material  is  a  still  smaller 
percentage  of  the  whole.  The  remaining  40  per  cent  or 
so.  of  the  total  is  sales  cost  and  profit. 

If  there  is  one  thing  certain,  it  is  that  a  bad  car  is 
not  salable  very  long,  even  by  the  most  skilled  sales  de- 
partment; and,  if  we  could  imagine  such  a  thing  as  a 
perfect  car,  the  probable  increased  cost  of  labor,  material 
and  factory  cost  generally,  would  be  amply  saved  in  a 
reduction  of  sales  charges.  While  the  latter  are  some- 
thing like  twice  the  amount  paid  for  the  whole  of  the 
services  used  in  producing  the  car,  the  argument  is  dem- 
onstrably fallacious  that  reduction  of  cost  by  reduction 
of  quality  is  sound  commercially.  It  is,  therefore,  rea- 
sonable and  economical  that,  in  the  attainment  of  a  high 
degree  of  mechanical  reliability,  the  engineer  should  not 
be  unduly  hampered  in  respect  to  the  cost  of  production 
and  should  be  given  free  scope  for  living  up  to  the  tradi- 
tion of  being  able,  not  only  to  make  for  $1  what  any 
fool  can  make  for  $2,  but  to  produce  a  result  which  allows 
.any  fool  to  sell  for  $2  that  which  previously  only  a  spell- 
binder could  sell  for  $1. 

I  have  had  the  honor  and  pleasure  of  being  conducted 
over  many  American  factories  during  my  stay  in  the 
United  States  and  have  seen  with  great  pleasure  the 
vindication  of  principles  I  have  held  for  many  years  in 
relation  to  cost  of  production.  By  sheer  manufacturing 
skill  and  enterprise,  work  of  the  first  quality  is  produced, 
complex  parts  seem  to  have  no  terror  for  the  production 
department  and  any  rational  increase  in  the  complexity  of 
design  does  not  appear  to  be  a  consideration  in  arriving 
at  a  desired  result.  The  engineer  is  far  less  limited  here 
than  in  Europe  in  attaining  his  ends,  and  for  this  reason 
the  goal  of  complete  mechanical  reliability  is  well  within 
sight  when  an  automobile  will  be  as  reliable  as  a  watch. 

What,  then,  are  the  lessons  to  be  learned  from  the  past 
few  years  in  this  respect?  Possibly  the  first  is  that  of 
the  importance  of  material,  and  particularly  the  correct 
heat-treatment  of  steel.  Aeronautic  engine  development 
has  shown  what  can  be  done  in  these  respects.  The  gaso- 
line engine  may  be  considered  structurally  as  a  combina- 
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Fia.  1 — Stress  Distribution  in  Transparent  Model  of  a 
Crankshaft 

tion  of  bearings  and  supports  therefor.  A  large  percent- 
age of  mechanical  troubles  are  due  to  failure  or  wear  of 
the  bearings  and  distortion  or  fracture  of  their  supports. 
The  importance  of  choice  of  material  in  respect  to  bear- 
ing surfaces  is  almost  as  important  as  the  lubrication 
system  upon  which  they  depend  for  their  successful 
working,  while  rigidity  of  construction  is  a  function  of 
the  supports  and  the  correct  geometrical  disposition  of 
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the  material  thereof.  As  an  example,  piston-pin  design 
can  be  taken.  The  older  type  of  piston-pin  for  an  engine 
of  say  4-in.  bore  had  a  projected  area  of  about  %  by  2  in. 
and  gave  trouble  even  then.  The  type  of  piston-pin 
in  use  on  the  Ricardo  tank  engines  of  5%-in.  bore  had 
a  projected  area  of  2  sq.  in.,  an  intensity  of  loading 
approximately  two  and  one-half  times  that  stated  above 
and  gave  absolutely  no  trouble.  This  result  was  obtained 
primarily  by  a  rigid  support  of  the  piston-pin  and  by 
hrst-class  case-hardening. 

Allied  to  this  aspect  of  reliability  has  been  the  recogni- 
tion of  the  great  weakness  imposed  upon  mechanical 
details  through  sudden  variations  of  section  and  conse- 
quent mal-distribution  of  stress.  Professor  Coker,  of 
London  University,  has  evolved  a  means  of  visualizing  by 
polarized  light  the  stress  distribution  in  transparent 
models  of  loaded  members.  Fig.  1  illustrates  the  stress 
distribution  in  a  transparent  model  of  a  crankshaft, 
showing  the  high  intensity  of  stress  in  the  inside 
crankshaft  fillets  compared  with  the  average  stress 
and  the  imperative  necessity  for  considering  such 
local  distribution  of  stress  in  parts  of  small 
dimensions  as  are  commonly  used  in  gasoline  engines. 
The  two  curves  shown  are  a  measure  of  the  stresses  pro- 
duced by  a  bending  moment  of  one  and  two  units  respec- 
tively, the  perpendicular  distances  from  the  contour  of 
the  crankshaft  to  the  curves  being  a  measure  of  the  stress 
produced. 

In  1914  I  was  largely  responsible  for  the  design  of 
some  very  high-speed  engines,  running  up  to  4000  r.p.m., 
in  which  the  crankshafts  were  to  all  appearance  of  ample 
stiffness  and  strength.  Experience  showed,  however,  that 
it  was  not  until  the  crankshaft  fillets  were  increased  from 
3/16  to  %-in.  radius  that  reliability  was  attained.  Fig.  2 
illustrates  the  method  in  which  the  %-in.  radius  fillet  was 
obtained  on  crankshafts  already  machined  with  the  ortho- 
dox 3/16-in.  fillets.  Probably  75  per  cent  of  mechanical 
failures  arise  through  a  lack  of  appreciation  of  the  stress 
distribution  and  the  cultivation  of  a  keen  eye  in  this 
respect  is  of  inestimable  value;  much  more  so  than  the 
capacity  to  use  mathematical  analysis,  important  as  this 
is  in  the  determination  of  general  stresses. 

Passing  from  structural  reliability  pure  and  simple,  or 
the  ability  of  the  engine  to  withstand  the  forces  set  up 
within  it,  we  come  to  the  problems  connected  with  tem- 
perature, fuel  and  lubrication.    The  last  two  are  so  inter- 
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Fig.  2 — Mbthod  op  Obtaining  %-In.  Radius  Fillet  on  Crankshaft 
Machined  with  3/16-In.  Fillet 

woven  that  their  relationship  will  be  discussed  in  a  later 
section.  In  respect  to  temperature  problems  it  has  been 
said  that  internal-combustion  engine  cylinder-design  com- 
bines the  problem  of  the  hydraulic  press  with  that  of  the 
boiler  tube.  It  is  necessary  for  a  cylinder  to  withstand 
considerable  pressure  and  also  to  be  a  first-class  heat 
conductor.  The  one  calls  for  thickness  of  metal,  the  other 
for  thinness. 

Fortunately,  in  gasoline  engines  of  small  size  very  little 
difScuIty  arises.  The  conductivity  of  the  metal  of  which 
the  cylinder  is  made  is  so  overwhelmingly  greater  than 
the  film  resistance  of  gas  and  water  on  each  side  of  it, 
that  the  temperature  gradients  in  the  metal  are  not  sufii- 
cient  to  cause  trouble.  The  heat  resistance  of  cast  iron 
%  in.  thick  is  only  about  1/100  of  the  resistance  to  the 
entrance  of  heat  on  the  gas  side  and  its  emission  on  the 
water  side.  Hence,  the  disappointment  arising  in  the  use 
of  aluminum  for  air-cooling  cylinders,  the  advantage  con- 
ferred by  the  high  conductivity  of  aluminum  being  com- 
pletely masked  by  the  small  proportion  which  the  heat 
resistance  of  the  cylinder  wall  itself  bears  to  the  whole. 
In  the  case  of  pistons  and  valves,  however,  the  position 
is  very  different.  In  these  the  heat  has  to  be  conducted 
some  considerable  distance  before  it  is  dissipated,  so  that 
the  conductivity  of  piston  materials  is  very  important. 
Principally  for  this  reason  the  aluminum  piston  has  found 
a  ready  demand.  The  advantages  of  aluminum  pistons  in 
relation  to  the  reduction  of  reciprocating  weight  will  be 
discussed  later.  Here  it  is  sufficient  to  point  out  the 
great  advantages  of  the  aluminum  piston  from  the  point 
of  view  of  the  reduction  of  piston  temperature.  Some 
years   ago   Professor   Hopkinson   made   experiments   to 
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determine  the  temperature  of  cast-iron  pistons  in  a  Sid- 
dely  engine  and  found  that  this  approximated  500  deg. 
cent.  (932  deg.  fahr.)  at  full  load.  Today  the  tempera- 
ture of  an  aluminum  piston  of  7-in.  bore  at  1200  r.p.m. 
does  not  average  over  200  deg.  cent.  (392  deg.  fahr.). 
This  achievement  sets  free  possibilities  for  increasing  the 
speed  of  large  engines  and  of  literally  revolutionizing  the 
design  of  the  moderate-sized  heavy  internal-combustion 
engine  on  the  one  hand,  and  of  allowing  a  still  further 
increase  in  the  speed  of  revolution  of  the  small  engine 
on  the  other. 

Engine  speed  is  no  longer  limited  by  considerations  of 
piston  temperature.  For  the  same  reason  the  designer 
can  adopt  large-bore  cylinders  with  impunity  if  he  so 
desires.  As  an  example  of  progress  in  this  direction  to 
date  may  be  cited  a  British  six-cylinder  engine  developing 
700  hp.  at  1200  r.p.m.  from  cylinders  of  7-in.  bore  and 
11-in.  stroke. 

Although  not  related  to  temperature  problems,  the 
mention  of  aluminum  calls  for  a  remark  upon  the  possi- 
bilities arising  from  the  forged  aluminum  connecting-rod. 
Just  as  the  aluminum  piston  permits  an  indefinite 
increase  of  piston  size  and  revolution  speed  from  the 
thermal  point  of  view,  so  the  aluminum  connecting-rod 
removes  another  limitation  of  engine  speed,  that  due  to 
bearing  pressure  caused  by  the  inertia  effects  of  the  big 
end  of  the  connecting-rod  and  the  inherent  unreliability 
of  a  soft  bearing  metal  under  heavy  loading.  In  my 
opinion  the  forged  aluminum  connecting-rod  marks  one 
of  the  greatest  advances  in  the  detail  improvement  of  the 
gasoline  engine  and  will  have  a  very  marked  effect  upon 
the  trend  of  design,  by  no  means  limited  to  the  connect- 
ing-rod itself. 

Reverting  to  temperature  problems,  mention  must  be 
made  of  the  advances  in  the  materials  from  which  valves 
are  made.  The  use  of  aluminum  for  valves  has  not  been 
developed  commercially,  although  the  aluminum  valve  is 
within  sight.  On  the  other  hand,  steels  have  been  devel- 
oped, notably  nickel-chrome,  cobalt  and  tungsten  alloys, 
which  successf  uly  resist  the  temperatures  to  which  they 
are  subjected.  A  further  development  has  been  that  of 
the  water-cooled  exhaust  valve,  the  cooling  effect  being 
obtained  by  drilling  the  valve,  filling  it  with  water  and 
permanently  plugging  it.  This  practice  is  the  invention 
of  Sir  Henry  Fowler  of  the  Royal  Aircraft  Factory  in 
England.    Although  the  evidence  in  support  of  the  claims 
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made  in  respect  to  a  reduction  of  exhaust-valve  tempera- 
ture seems  incontrovertible,  the  reason  therefor  is  not 
easy  to  see.  It  seems  inconceivable  that  the  introduction 
of  water,  in  itself  an  exceedingly  bad  conductor  of  heat, 
in  place  of  steel  can  aid  the  conduction  of  heat  from  the 
head  to  the  valve-stem.  It  also  seems  inconceivable  that 
any  convection  effects  which  may  be  set  up  in  the  water 
can  be  as  efficacious  as  direct  metallic  conduction,  from 
the  point  of  view  of  heat  transference.  It  is  obvious  that 
the  high  specific  and  latent-heat  properties  of  water  can 
exercise  IJieir  influence  in  heat  absorption  for  only  a 
short  period.  The  authority  behind  the  device,  however, 
and  the  experimental  evidence  of  its  utility  call  for  its 
description. 

The  various  factors  so  far  mentioned,  namely,  mate- 
rials, stress  distribution,  rigidity  of  bearing  supports,  the 
use  of  aluminum  pistons  and  connecting-rods  *and  heat- 
resisting  steels,  are  to  be  regarded  as  affecting  reliability 
not  only  in  the  light  of  their  application  to  existing 
designs,  but  also  as  to  their  influence  upon  the  broad 
principles  of  gasoline  engine  design  and  construction.  The 
ability  of  any  engine  to  resist  wear-and-tear  is  largely  a 
function  of  the  speed  at  which  it  is  run.  I  showed  many 
years  ago  that  an  engine  would  wear  out  far  more  quickly 
if  driven  by  a  belt  at  say  1500  r.p.m.  than  if  it  ran  at 
this  speed  under  load.  Reliability  apart  from  heat  con- 
siderations is,  therefore,  largely  a  question  of  resistance 
to  inertia  effects,  the  working  fluid  pressures  being  of 
secondary  importance.  From  this  point  of  view  there 
is  considerable  justification  for  the  high-speed  multi- 
cylinder  engine  of  the  eight  aiid  twelve-cylinder  t3rpes, 
on  account  of  the  reduced  inertia  effects  arising  from 
subdivision  of  the  working  units. 

The  secondary  unbalanced  forces,  for  example,  in  an 
eight^ylinder  engine  are  but  1.4  times  those  of  a  four- 
cylinder  engine  with  the  same  size  and  similarly  de- 
signed cylinders.  For  a  given  stroke  the  horsepower  at 
any  given  speed  is  proportional  to  the  square  of  the 
bore,  while  the  mass  of  the  piston  is  proportional  to  some 
power  between  the  square  and  cube  of  the  bore.  It  fol- 
lows that  the  inertia  forces  in  a  four-cylinder  engine 
are  considerably  higher  per  square  inch  of  cylinder  area 
than  in  an  eight-cylinder  engine  of  the  same  capacity 
running  at  the  same  speed.  The  same  reasoning  applies 
to.  the  valves  and  tappets,  where  the  inertia  effects  are 
of  first  importance.  Other  things  being  equal,  it  is  fair 
to  say  that  there  is  a  greater  potential  reliability  in  an 
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eight  than  in  a  four-cylinder  engine  of  the  same  capacity. 
The  actual  practical  differences  arise  principally  from 
secondary  influences  caused  by  human  error  and  are  not 
fundamental. 

In  the  light  of  the  developments  outlined  above,  how- 
ever, the  problem  is  entirely  changed.  The  use  of  alumi- 
num pistons  enables  the  inertia  forces  in  a  four-cylinder 
to  be  reduced  very  considerably  below  those  in  an  eight- 
cylinder  engine  of  the  same  capacity,  using  cast-iron 
pistons,  and  if  aluminum  connecting-rods  also  are  used 
the  wear-and-tear  on  the  engine  is  cut  literally  in  half 
at  the  source.  Since  the  bearing  pressures  are  thus 
reduced,  the  desirable  rigidity  of  the  supports  is  much 
more  easily  obtained,  so  that  the  improvement  resulting 
is  cumulative. 

The  providential  coincidence  that  the  lightness  of  alum- 
inum is  Accompanied  by  high  thermal  conductivity  is  in 
its  way  as  far-reaching  and  remarkable  as  the  fact  that 
two  of  the  most  important  discoveries  in  relation  to  the 
development  of  the  automobile,  namely,  the  pneumatic 
tire  and  aluminum,  arrived  at  the  same  time  in  history 
and  were  utterly  unrelated  to  each  other. 

The  designer  of  today  has,  therefore,  an  enormous 
unexploited  field  for  the  application  of  his  experience  and 
ingenuity.  He  is  far  removed  from  the  limitations  of 
only  a  few  years  ago,  and  the  next  decade  should  be 
productive  of  results  which  are  startling  both  technically 
and  economically. 

MoDEBN  Views  of  Gabounb  Engine  Thermodtnamicb  . 

Insofar  as  basic  principles  are  concerned,  the  science, 
of  thermodynamics  in  its  relation  to  internal-combustion 
engines  generally  and  gasoline  engines  in  particular  is 
where  it  was.  There  have,  however,  been  important 
contributions  to  our  knowledge  of  the  mechanism  of 
combustion  and  the  working  properties  of  a  mixture  of 
gasoline  and  air.  Chief  among  these  is  the  recognition 
by  automobile  engineers  of  the  phenomena  associated 
with  turbulence  in  their  effect  upon  the  gasoline  engine, 
the  investigation  of  the  limit  to  which  compression  can 
be  raised  and  the  ancillary  problem  connected  with 
so-called  detonation  or  ''pinking.'' 

In  1912,  Sir  Dugald  Clerk  showed  diagrams  at  the 
meeting  of  the  British  Association,  illustrating  the  vital 
importance  of  turbulence  in  relation  to  the  speed  of  igni- 
tion and,  therefore,  to  engine  speed.  One  of  his  diagrams 
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is  reproduced  in  Fig.  8.  These  diagrams  were  taken 
by  an  optical  indicator  from  an  engine  in  which  a  trip- 
valve  gear  was  fitted  so  that  the  working  charge  could 
be  retained  within  the  cylinder  and  alternately  com- 
pressed and  expanded  for  a  few  revolutions  before  being 
ignited.  The  slow  rate  of  ignition  after  two  expansion 
and  three  compression  strokes  is  clearly  shown  in  the 
diagrams,  proving  how  essential  it  is  that  the  gas  shall 


Fio.  3 — Diagram  Shown  by  Sir  Duoald  Clerk  in  1912  Indicating 
THB  Relation  op  Turbulence  to  Speed  op  Ignition 

be  in  a  state  of  violent  motion  at  the  instant  of  ignition. 
This  state  arises  in  the  ordinary  gasoline  engines 
from  the  high  velocity  of  the  mixture  passing  through 
the  inlet  valve.  The  generally  accepted  opinion  for 
many  years  has  been  that  so  long  as  the  gas  velocity  is 
not  less  than  130  ft.  per  sec.  sufficient  turbulence  is 
produced.  I  consider  that  the  specification  of  valve  area 
in  terms  of  gas  velocity  is  distinctly  misleading.  The 
effect  of  gas  velocity  upon  turbulence  must  obviously  be 
related  to  the  revolution  speed,  for  the  reason  that, 
although  the  turbulence  produced  by  a  gas  velocity  of 
130  ft.  per  sec.  is  ample  for  rapid  ignition  at  1000  r.p.m., 
it  might  be  very  inadequate  at  2500  r.p.m.  It  is  neces- 
sary to  specify  valve  area  rather  as  a  percentage  of 
cylinder  volume,  however  much  this  may  offend  the  expo- 
nents of  dimensional  theory. 

Recent  experiments  seem  to  show,  however,  that  there 
is  considerable  ignition  delay  at  very  high  engine  speeds 
with  such  gas  velocities,  and  that  it  is  important  to 
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stimulate  turbulence  by  all  possible  means.    By  so  doing 
three  ends  may  be  attained. 

(1)  Reduction  of  the  tendency  to  detonate,  due  to 
non-homogeneity  of  the  working  fluid;  in  other 
words,  more  thorough  mixing  of  air  and  gasoline 
yapor  inside  the  cylinder 

(2)  The  ability  to  increase  engine  speed  and  still 
maintain  high  mean  effective  pressures 

(3)  Higher  thermal  efficiency  due  to  the  ability  to 
raise  compressions  and  subdue  after-burning 

The  chief  factors  invdlved,  from  the  designer's  point 
of  view,  are  the  shape  of  the  combustion  chamber  and 
the  size  of  the  valve  required  to  allow  for  high  volumetric 
efficiency.  It  is  essential  that  the  cylinder  be  fully 
charged  at  high  speeds,  and  also  that  the  inlet-gas 
velocity  be  high  enough  to  produce  sufficient  turbulence 
for  complete  and  rapid  combustion,  conditions  which  it 
will  be  readily  seen  are  incompatible. 

Some  two  years  ago  I  conducted  an  exhaustive  series 
of  experiments  upon  two  engines  of  approximately  180 
cu.  in.  capacity,  one  with  overhead  valves,  the  other  with 
side-by-side  valves,  to  obtain  data  upon  these  points.' 
Taking  compression  pressure  as  a  measure  of  volumetric 
efficiency,  I  found  that  with  inlet-gas  velocities  of  800  ft. 
per  sec.,  as  good  volumetric  efficiencies  were  obtained  as 
at  any  lower  velocity.  This  was  due  to  the  effect  of  delayed 
inlet-valve  closing,  the  valves  in  question  closing  at  45 
deg.  after  bottom  center,  thus  causing  a  virtual  shorten- 
ing of  the  compression  stroke.  However,  as  experiments 
with  earlier  inlet-valve  closing  showed  but  very  little 
improvement  in  torque,  and  that  only  at  very  low  speeds, 
the  practical  aspect  of  the  case  remains  unaltered.  I  also 
found  that,  with  the  side-by-side  valve  engine,  the  results 
in  respect  to  mean  effective  pressure  and  thermal  effi- 
ciency were  far  and  away  below  the  practical  ideal  which 
should  be  anticipated  from  the  compression  ratio  used  and 
the  high  volumetric  efficiency  obtained.  In  the  case  of  the 
overhead-valve  engine,  the  mean  effective  pressure  was 
some  16  per  cent  higher  than  that  of  the  side-by-side 
valve  engine,  for  the  same  compression  ratio,  although  the 
thermal  efficiency  was  not  greatly  improved.  The  combus- 
tion chamber  of  the  overhead-valve  engine,  however,  was 

*See  Prt}€eeding9  of  Institution  of  AutomobUe  Engineers,  1918- 
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far  from  ideal  in  shape,  due  to  the  use  of  one  large  inlet 
valve  and  two  exhaust  valves,  so  that,  presumably,  through 
contact  with  extended  cold  combustion-chamber  walls,  a 
large  and  approximately  equal  i>ercentage  of  the  fuel  sup- 
plied to  each  engine  was  unbumed  during  the  explosion 
stroke  in  each  case,  the  higher  mean  effective  pressure  in 
the  overhead-valve  engine  being  caused  by  greater  turbu- 
lence due  to  the  improved  inlet-valve  location. 

In  the  past,  combustion-chamber  shape  has  been 
regarded  almost  entirely  from  the  viewpoint  of  the  heat 
loss  to  the  cooling  water  during  the  early  part  of  the 
explosion  stroke,  and  the  experimental  and  theoretical 
work  done  on  this  subject  has  gone  far  to  mask  the  real 
importance  of  combustion-chamber  design  in  gasoline 
engines.  Sir  Dugald  Clerk  has  shown  that  in  gas  engines 
approximately  half  the  cooling  loss  occurs  in  the  first 
30  per  cent  of  the  stroke  and  the  remainder  in  the  last 
70  per  cent.  Gibson  and  Walker  have  shown  also  in 
experiments  with  slow-speed  engines  that  the  total  jacket- 
heat  loss  is  18  per  cent  of  the  fuel  supplied.  An  analysis 
by  Lanchester  of  the  Gibson  and  Walker  results  supports 
his  reasoning  that  part  of  this  heat  loss  is  constant  and 
depends  upon  the  absolute  cylinder  dimensions,  while  the 
remainder  is  a  constant  percentage  of  the  total  fuel  sup- 
plied and  is  due  mainly  to  internal  radiation,  the  heat 
loss  to  the  cooling  water  being  less  at  high  speeds  than 
at  low  spieeds  at  full  load.  The  effect  of  this  reduction 
in  loss  at  high  speeds  upon  thermal  efficiency  was,  how- 
ever, in  the  Gibson  and  Walker  experiments  only  about 
1  per  cent,  although  the  jacket  loss  at  250  r.p.m.  was  16 
per  cent,  against  20  per  cent  at  100  r.p.m.  The  reason 
for  this  is  that  a  large  part  of  the  jacket  lods  occurs  in 
the  exhaust  stroke  and  therefore  does  not  affect  thermal 


We  have,  therefore,  in  an  ordinary  gas  engine  a  loss 
of  about  9  per  cent  of  the  heat  supplied  in  the  first  80 
per  cent  of  the  stroke,  or  that  part  in  which  the  combus- 
tion-chamber shape  is  most  important.  This  is  so  little 
as  to  render  considerations  of  the  combustion-chamber 
shape  of  secondary  importance  in  respect  to  the  jacket 
loss  and  has  led  more  than  one  designer  astray  in  his 
search  for  high  mean  effective  pressures  and  thermal 
efficiencies  in  gasoline  engines.  In  my  view,  the  attitude 
of  indifference  of  many  designers  to  thermodynamic  prob- 
lems is  because  the  facts  of  the  gasoline  engine  do  not 
square  with  the  theories  of  the  gas  engine,  and  these  are 
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largely  reconciled  if  the  considerations  already  mentioned 
in  respect  to  combustion-chamber  design  are  kept  in  mind. 
Briefly,  the  factors  governing  combustion-chamber  design 
are  first,  compact  geometrical  shape;  and,  second,  provis- 
ion for  adequate  valve  area. 

The  strongest  argument  in  favor  of  the  overhead-valve 
engine  is  its  ability  to  bum  the  maximum  proportion  of 
the  fuel  supplied,  ov^ing  to  the  compact  combustion-cham- 
ber inherent  in  this  valve  system,  the  superior  orifice 
coefiiciency  of  the  overhead  valve  being  freely  granted  as 
against  that  of  the  ordinary  pocket-located  inlet  valve. 
There  is  reason  to  believe^  however,  that  a  side-by-side 
valve  engine  can  be  designed  in  which  the  turbulence 
effect  is  even  greater  than  in  an  overhead-valve  engine, 
so  that  the  extremes  may  meet.  My  experiments  convince 
me  that  for  engines  of  40  to  60  cu.  in.  per  cylinder  a 
pocket-located  valve  will  allow  for  a  combination  of  this 
turbulence  without  any  sacrifice  of  volumetric  efiiciency 
up  to  3000  r.p.m.,  which  is  high  enough  for  the  present. 
It  is  significant  that,  after  ten  years  or  more  of  intensive 
high-speed  engine  design,  there  is  no  fixed  opinion  upon 
valve  location,  and  that  the  manufacturers  with  the  great- 
est experience  with  overhead  valves  do  not  use  them  in 
touring-car  engines.  In  this  connection  it  must  be  remem- 
bered that  the  question  of  side-by-side  valve  versus  over- 
head valve  is  not  necessarily  determined  on  the  grounds 
of  efiiciency  and  power  alone.  The  purchasing  public,  who, 
after  all,  are  the  final  arbiters  in  the  matter,  will  give 
short  shrift  to  thermodynamic  perfection  if  this  is  accom- 
piinied  by  personal  discomfort.  As  the  ability  of  an  engine 
to  behave  itself  perfectly  at  low  engine  speeds  and  to 
possess  great  fiexibility  is  not  the  least  of  the  qualities 
demanded  by  the  user,  it  must  be  pointed  out  that  com- 
pact combustion  chambers,  such  as  arise  naturally  in  the 
design  of  overhead-valve  engines,  are  prejudicial  to  sweet- 
ness of  running,  particularly  at  low  speeds  and  part 
throttle.  Not  the  least  virtue  in  respect  to  the  orthodox 
side-by-side  valve  engine  is  the  fact  that  the  film  of  gas 
in  contact  with  the  comparatively  cold  walls  of  the  com- 
bustion chamber  bums  during  the  expansion  stroke  with 
a  quasi-Diesel  effect,  so  that  an  indicator  diagram  taken 
under  these  conditions  has  a  rounded  top.  This  largely 
accounts  for  the  popularity  of  the  side-by-side-valve 
engine  in  spite  of  the  deliberate  sacrifice  of  economy  and 
power. 

There  is  room  for  much  experiment  along  the  lines  of 
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a  compact  combustion  chamber,  combined  wil^  a  design  in 
which  the  preservation  of  the  cold  gas  fihn  is  realized,  so 
that  the  best  compromise  between  flexibility,  power  and 
efficiency  can  be  obtained.  All  that  can  be  said  at  present 
is  that  both  side-by-side  and  overhead-valve  engines  rep- 
resent opposite  extremes,  each  introducing  undesirable 
characteristics.  In  the  light  of  recent  research,  I  am 
inclined  to  think  that  it  is  going  to  be  much  easier  to 
make  the  side-by-side  valve  engine  more  efficient  and 
powerful  than  to  make  the  overhead-valve  engine  suffi- 
ciently flexible.  However,  the  ultimate  type  may  quite 
conceivably  be  determined  by  secondary  considerations, 
such  as  manufacturing  convenience,  silence  and  general 
appearance. 

Improvements  in  Mechanical  Efficiency 
The  mechanical  efSiciency  of  gasoline  engines  has  been 
investigated  by  many  workers  and  the  records  of  engi- 
neering societies  are  full  of  data  thereon.  As  far  back 
as  1907,  Professor  Hopkinson  at  Cambridge  University 
measured  the"  mechanical  efficiency  of  a  four-cylinder 
Daimler  engine  by  an  optical  indicator  and  one  of  his 
assistants,  Mr.  Morse,  evolved  the  method  that  is  so 
largely  used  today  of  measuring  mechanical  efficiency  by 
cutting  out  one  cylinder  of  a  multi-cylinder  engine  and 
finding  the  torque  exerted  by  the  remaining  three.  The 
difference  at  the  same  speed  between  the  torque  of  three 
cylinders  and  that  of  four  in  a  four-cylinder  engine  is  the 
indicated  torque  of  the  non-firing  cylinder,  thus  allowing 
the  relation  between  brake-horsepower  and  indicated- 
horsepower  to  be  measured  with  four  readings.  The 
analysis  of  frictional  losses  of  gas  engines  was  also  inves- 
tigated by  Hopkinson,  and  those  of  high-speed  gasoline 
engines  by  Riedler  in  Germany,  to  mention  only  two  of 
many  investigators. 

The  overall  mechanical  efficiency  of  both  gas  and  gaso- 
line engines  was  found  to  be  remarkably  independent  of 
their  relative  sizes,  being  about  85  per  cent  in  large  gas 
as  well  as  in  small  multi-cylinder  gasoline  engines.  Great 
falling  off  in  the  mechanical  efficiency  of  the  gasoline 
engine  with  increase  in  speed  was,  however,  apparent. 

In  my  opinion,  it  is  most  unfortunate  that  mechanical 
losses  have  to  be  subdivided  into  those  arising  from  gas 
friction  and  bearing  friction,  but  the  definition  is  too 
well  established  to  be  worth  contesting.  The  gas  friction 
or  pumping  losses  may  therefore  be  discussed  first.  These, 
it  is  well  known,  arise  from  the  friction  due  to  ports  and 


Digitized 


by  Google 


860  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

valves,  both  intake  and  exhaust.  In  the  normal  gasoline 
engine  the  gas  flow  into  the  cylinder  is  due  to  the  differ- 
ence between  the  pressure  in  the  cylinder  and  that  of  the 
atmosphere.  It  is  also  possible  to  have  two  engines  of 
equal  volumetric  efficiency,  but  in  which  the  work  done 
by  the  piston  in  charging  the  cylinder  may  be  widely 
different.  A  late  opening  and  closing  inlet  valve  will 
give  a  suction  diagram  somewhat  like  Fig.  4.  An  earlier 
opening  valve  (See  Fig.  5)  will  reduce  the  area  of  the 
suction  loop  very  considerably  and  improve  performance 
to  the  extent  indicated  by  the  difference  in  the  negative 
work  areas. 

The  combination  of  decreased  gas  velocities  in  inlet 
valves  and  manifolds,  together  with  a  better  understand- 
ing of  the  phenomena  associated  with  the  induction 
stroke,  has  had  a  very  pronounced  effect  upon  the 
mechanical  efficiency  of  the  gasoline  engine  at  high 
speeds,  which  can  be  counted  on  nowadays  to  be  well 
over  80  per  cent  at  2000  r.p.m.,  a  result  obtainable  10 
years  ago  only  at  speeds  well  under  1000  r.p.m. 

The  back-pressure  due  to  the  exhaust  should  also  be 
mentioned  if  only  to  point  out  its  relative  unimportance 
owing  to  the  rapid  escape  of  the  exhaust  gas  when  the 
exhaust  valve  is  opened.  Further,  it  is  easy  to  arrange 
exhaust  pipes  so  that  there  may  actually  be  a  negative 
pressure  in  the  cylinder  toward  the  end  of  the  exhaust 
stroke.  The  all-important  point  is  that  exhaust  gas  under 
pressure  is  not  trapped  in  the  combustion  chamber  when 
the  valve  closes.  With  valve  areas  such  that  gas  velocities 
do  not  exceed  300  ft.  per  sec.,  the  influence  of  gas  fric- 
tion upon  mechanical  efficiency  is  not  of  much  account, 
nor  is  it  susceptible  of  much  reduction.  The  frictional 
resistance  of  the  carbureter  itself  is  usually  far  in  excess 
of  the  inlet  port  and  valve  friction  in  the  practical  case 
and  has  to  be  tolerated  to  get  efficient  carburetion. 

Leaving  the  question  of  fluid  friction  losses  and  pass- 
ing to  those  more  purely  mechanical,  these  may  be  divided 
as  follows: 

(1)  Losses  due  to  driving  auxiliaries,  such  as  the 
fan,  the  water-pump,  the  oil-pump  and  the  elec- 
trical equipment 

(2)  Losses  due  to  bearing  friction  of  the  crankshaft, 
the  camshaft,  the  valves,  the  gears,  etc. 

(3)  Piston  friction 

The  losses  due  to  driving  the  water  and  oil-pu^^)s  and 
electrical  equipment  are  neglible  in  most  cases.    The  loss 
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Fia.  4 — Latb  Opening  and  Closing  Inlet- Valvb  Diagram 

due  to  driving  the  fan,  particularly  at  high  speeds,  is 
however  considerable,  easily  amounting  to  from  2  to  3 
hp,  at  2500  r.p.m.  It  is  noteworthy  that  the  vast  majority 
of  designers  employ  gears  to  drive  the  water-pumps 
which  are  often  larger  than  those  in  the  transmission, 
but  are  quite  content  to  drive  the  fan  by  a  belt,  in  spite 
of  the  fact  that  the  fan  absorbs  about  forty  times  the 
power  required  to  drive  the  pump. 

It  has  been  known  for  many  years  that  the  friction  of 
a  well-designed  journal  bearing  is  exceedingly  small,  but 
it  seems  to  have  taken  a  long  time  to  make  the  logical 
deduction  that  if  the  journal  friction  in  a  gasoline  engine 
is  small  and  the  total  friction  absorbs  some  10  per  cent 
of  the  indicated-horsepower,  a  large  proportion  of  this 
must  be  charged  to  friction  between  the  piston  and  the 
cylinder  walls.  It  has  taken  still  longer  to  seriously 
attack  this  problem  of  reducing  piston  friction. 

In  gasoline  engines  with  cast-iron  trunk  pistons,  the 
piston  friction  is  about  8  lb.  per  sq.  in.  of  piston  area 
at  a  piston  speed  of  2000  ft.  per  min.  The  magnitude  of 
this  quantity  depends  upon  the  piston  thrust  and  rubbing 
velocity,  the  former  item  being  very  largely  a  function  of 
the  inertia  pressure.  Reduction  of  piston  mass  is  obvi- 
ously the  first  step  in  reducing  piston  friction.  The 
advantages  of  the  aluminum  piston  in  this  respect  are 


Fig.  6 — ^Earlier  Opening  Inlet- Valve  Diagram 
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apparent.  It  is  not  generally  appreciated  that  the  prime 
virtue  of  light  reciprocating  parts  is  the  improvement  of 
mechanical  elSlciency  caused  thereby,  and  that,  apart  from 
this,  the  net  energy  absorbed  in  reciprocating  a  piston  is 
the  same  for  heavy  pistons  as  light,  being  nil. 

The  next  point  of  importance  is  the  consideration  of 
the  action  betv^een  the  rubbing  surfaces  of  the  piston  and 
the  cylinder  v^all.  In  the  case  of  a  trunk  piston  of  normal 
design  it  is  easily  seen  that  the  area  of  the  oil  film  be- 
tv^een  these  surfaces  is  equal  to  the  wall  area  of  the  pis- 
ton, and  that  as  only  one  side  of  the  piston  is  functioning 
at  a  time  there  is  roughly  four  times  more  oil  film  being 
acted  upon  than  is  required  for  taking  the  piston  thrust, 
v^hich  probably  does  not  extend  to  more  than  one-quarter 
of  the  piston  circumference.  This  unnecessary  surface 
in  contact  is  naturally  prejudicial  to  mechanical  efiiciency.  • 
For  this  reason  many  pistons  are  relieved  for  part  of 
their  length  by  reducing  the  diameter  about  the  piston- 
pin  and  are  also  drilled  to  reduce  the  surface  in  contact. 
The  advantages  obtained  are  real  and  distinctly  shown 
on  the  test  bench.  Unfortunately,  it  has  been  found  dif- 
ficult to  combine  mechanical  strength  with  lightness  in 
these  pistons  and  many  failures  have  resulted  from  such 
attempts  to  side-track  the  defects  of  the  piston  of  stand- 
ard design.  Further,  the  disposition  of  the  bearing  sur- 
face in  pistons  so  relieved  is  not  correct.  There  is  still 
a  50  per  cent  excess  of  unnecessary  surface,  allowing  for 
the  fact  that  bearing  surfaces  have  to  be  provided  on  each 
side  of  the  piston,  although  only  one  side  functions  at 
a  time.  The  rigidity  of  the  piston-pin  bosses  is  also 
seriously  reduced  unless  the  piston  walls  are  unduly 
heavy.  The  orthodox  trunk  piston  has  been  regarded  by 
designers  in  much  the  same  way  as  the  flatness  of  the 
earth  was  regarded  by  the  world  in  general  before  the 
voyage  of  the  first  American  immigrant.  It  has  simply 
been  accepted  without  question.  The  success  attending 
the  various  departures  from  orthodox  construction  is  a 
very  useful  object  lesson  that  no  established  construction 
is  beyond  improvement. 

One  of  the  earliest  of  these  departures  is  the  Zephyr 
piston  shown  in  Fig.  6.  This  type  of  piston  has  been 
very  successful  in  aeronautic  and  racing  engines,  some 
of  the  first  specimens  being  used  by  me  on  racing  cars 
in  1912.  In  addition  to  the  reduced  bearing  surface  and 
adequate  piston-pin  boss  support,  it  will  be  noticed  that 
the  design  of  the  piston  crown  is  well  adapted  to  dissi- 
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PiQ.  6 — ^Zbphtr  Piston 

pating  heat.  A  still  further  development  toward  a 
rational  solution  of  the  piston  problem  is  that  of  the 
Ricardo  slipper  piston.  This  is  shown  in  Figs.  7  and  8. 
It  will  be  seen  that  there  are  a  considerable  number  of 
interesting  points  in  this  design,  which  can  be  tabulated 
as  follows: 

(1)  The  direct  transmission  of  piston  thrust  to  the 
slippers 

(2)  The  proportioning  of  the  slippers  to  the  loads 
they  carry,  the  compression  slipper  being  re- 
duced in  area  compared  with  that  receiving  the 
explosion  thrust 

(3)  The  slippers  extend  the  whole  working  length  of 
the  piston  and  only  laterally  to  the  degree  re- 
quired 

(4)  Rigid  support  of  the  piston-pin  bosses 
(6)  The  ability  to  use  a  floating  piston-pin 
(6)  Inherent  lightness 
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The  improvement  in  pov^er  and  reduction  of  gasoline 
consumption  consequent  upon  the  improved  mechanical 
efficiency  obtained  with  this  type  of  piston  varies  from 
5  to  10  per  cent  at  full  load  and  is  highest  at  high  speeds. 
When  it  is  remembered  that  an  automobile  engine  is  only 
developing  about  25  per  cent  of  its  maximum  power 
during  a  large  percentage  of  running,  and  that  under 
these  conditions  the  inertia  force  and  speed  elements  of 
piston  friction  are  fully  manifested,  it  will  be  seen  that 
the  effective  increase  in  mechanical  efficiency  at  low  loads 
and  high  speeds  may  be  very  considerable. 

For  example,  about  10  hp.  is  required  to  propel  a  car 
weighing  3000  lb.  at  a  speed  of  30  m.p.h.,  with  a  gear 
ratio  of  5.01;  this  corresponds  to  an  engine  speed  of 
about  1550  r.p.m.  at  which  speed  an  engine  of  say  200 
cu.  in.  capacity  is  easily  capable  of  developing  some  86 
hp.  The  load  factor,  according  to  the  conditions  stated, 
is,  therefore,  only  about  28  per  cent.     The  well-known 


Pio.  7 — RiCARDO  Slipper  Piston 
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FiQ.    8 — HiCARDO    Slipper    Piston 

law  of  friction  of  machines,  that  friction  is  independent 

of  the  load,  is  as  applicable  to  gasoline  engines  running 

at  constant  speed  as  it  is  to  the  hand  crane  or  pulley 

blocks  of  our  school  laboratories,  especially  as  in  the  case 

under  discussion  the  bulk  of  the  loading  is  due  to  inertia 

effects  which  are  constant  by  hypothesis. 

A  very  fair  upper  limit  for  the  mechanical  efficiency 

of  a  200-cu.  in.  engine  with  cast-iron  pistons  running  at 

1500  r.p.m.  is  87  per  cent.    The  corresponding  figure  with 

slipper-type  pistons  may  easily  be  92  per  cent.     The 

friction-horsepower  for  cast-iron  pistons  is,  therefore, 

36  ^6 

— .  —  36  =  5.2  hp.,    and  for  the  slipper  pistons  r^ —  36 

Of  S/Z 

=  3.2hp. 

As  this  friction  loss  is  virtually  independent  of  the 
load,  it  will  be  the  same  when  the  engine  is  delivering 
the  10  hp.  at  1500  r.p.m.  as  when  delivering  the  maximum 
horsepower  of  36  at  this  speed.  The  mechanical  efficiency 
with  cast-iron  pistons,  the  engine  delivering  10  hp.,  will, 
therefore,  be  66  per  cent,  while  with  the  slipper  piston 
the  corresponding  mechanical  efficiency  will  be  76  per 
cent,  an  improvement  of  over  15  per  cent  at  28  per  cent 
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of  full  load,  arising  from  an  assumed  improvement  of  5 
per  cent  at  full  load.  In  actual  practice,  the  improve- 
ment at  full  load  is  usually  far  more  than  5  per  cent,  as 
few  engines  with  cast-iron  pistons  have  a  mechanical 
eflftciency  of  87  per  cent,  thus  enhancing  the  correspond- 
ing item  under  ordinary  running  conditions.  The  in- 
crease in  mechanical  efficiency  is  obviously  accompanied 
by  a  decrease  in  gasoline  consumption  of  exactly  the  same 
percentage. 

In  brief,  this  piston  satisfies  admirably  the  essential 
conditions  of  inherent  lightness  due  to  the  correct  dispo- 
sition of  material,  in  itself  no  small  economic  advantage, 
together  with  the  realization  of  a  very  high  standard  of 
mechanical  efficiency.  It  is  also  found  to  be  free  from 
the  defect  of  oil-pumping,  and  very  low  oil  consumptions 
have  been  obtained  in  actual  use.  In  two  cases  within 
my  knowledge  the  oil  consumption  of  a  sporting  four- 
cylinder  car  with  an  80-mm.  bore  by  180-mm.  stroke 
engine  was  4000  to  5000  miles  per  gal.  Similar  results 
have  been  obtained  by  its  use  on  truck  engines,  one  large 
omnibus  company  recording  a  decrease  in  oil  consumption 
of  80  per  cent  as  compared  with  results  previously  ob- 
tained when  cast-iron  pistons  were  used. 

Still  greater  improvements  in  mechanical  efficiency, 
thermal  efficiency  and  oil  consumption  have  accompanied 
the  use  of  the  Ricardo  crosshead-type  piston  illustrated 
in  Fig.  9.  It  will  be  seen  that  this  piston  resolves  itself 
into  two  parts,  one,  the  crov^  carrying  the  piston-rings 
and  performing  the  essential  function  of  preventing  gas 
leakage;  the  other,  the  crosshead  which  takes  the  con- 
necting-rod thrust.  As  the  crosshead  part  is  working  in 
a  guide  that  is  kept  cool  by  the  flow  past  it  of  the  air  on 
its  way  to  the  carbureter,  and  is  also  ideally  lubricated, 
the  working  clearance  can  be  reduced  to  very  fine  limits 
so  that  the  piston  is  absolutely  silent.  It  further  insu- 
lates the  crankcase  from  the  heat  radiated  from  the 
piston,  thus  keeping  the  lubricating  oil  cool.  The  supply 
of  oil  to  the  cylinder  walls  can  be  precisely  regulated  and 
is  exceedingly  small  in  quantity,  as  the  top  of  the  piston 
does  not  perform  any  thrust-resisting  functions.  Further, 
the  crankcase  can  be  filled  to  the  level  of  the  crankshaft, 
without  increasing  the  amount  passing  to  the  cylinder 
walls.  The  net  result  is  a  very  low  oil  consumption  of 
0.01  pint  per  b.hp.-hr.  in  a  200-hp.  engine  at  full  load. 
There  is  also  an  almost  complete  absence  of  carbonization. 
The  official  report  of  a  British  Government  department 
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on  an  engine  with  this  type  of  piston  stated  that  at  the 
end  of  a  400-hr.  run  the  carbon  could  be  rubbed  off  the 
piston  by  the  fingers. 

It  is  also  a  most  interesting  and  important  character- 
istic of  engines  with  this  tjrpe  of  piston  that  while  at 


Alt  Oimxr 
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Fia.  9 — ^RiCARDo  Crosshbad-Type  Piston 

full  load  the  temperature  of  the  air  in  the  region  of  the 
crosshead  guide  is  about  70  deg.  fahr.  above  atmospheric 
temperature,  falling  to  that  point  before  entering  the 
cylinders,  at  light  load  the  respective  temperatures  are 
about  90  and  30  deg.  fahr.  above  atmospheric  tempera- 
ture, thus  giving  the  ideal  conditions  for  prevention  of 
gasoline  condensation  at  low  loads  and  speeds,  and  when 
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idling.  The  use  of  heated  manifolds,  hot-spots,  etc.,  is 
thus  rendered  unnecessary. 

Fig.  10  shows  a  tank  engine  fitted  with  these  pistons. 
In  this  position  the  engine  was  required  to  run  light 
for  30  min.  and  then  to  open  up  immediately  without 
smoking. 

In  the  foregoing  remarks  on  mechanical  efficiency  ade- 
quate lubrication  has  been  assumed.  The  relative  merits 
of  the  various  systems  in  use  do  not  seem  to  have  changed 
much  and  it  is  impossible  to  say  that  any  particular  one 
is  greatly  superior  to  the  others.  The  system  that  is 
adopted  seems  to  be  largely  a  matter  of  taste,  which  indi- 
cates the  verification  by  experience  of  the  doctrine  that 
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Section  Seel"  ion 

Through  A-B   Thidbu^hC-D 

Fia.   11 — LiANcHBST»R  Anti-Vibratob 

a  correctly  designed  bearing  \^ill  lubricate  itself  if  oil  is 
led  to  it. 

Under  no  circumstances  is  Ic  likely,  in  gasoline  engines, 
that  a  bearing  can  be  oil-borne  by  the  pressure  in  the 
oiling  system.  On  the  other  hand,  the  advantage  of 
forced  lubrication  in  cooling  heavily-loaded  bearings  by 
sheer  volume  of  oil  pumped  is  not  to  be  lightly  set  aside. 

Improvements  in  Engine  Balancing 

This  aspect  of  engine  design  would  more  properly  be 
termed  improvement  in  means  for  reducing  engine  vibra- 
tion, since  vibration  is  by  no  means  eliminated  when 
complete  balance  is  obtained,  a  fact  well  known  to  most 
designers  of  six-cylinder  and  even  twelve-cylinder  engines. 

In  respect  to  engine  balance  per  se,  the  position  to 
date  is  that  engines  with  two,  four,  six,  eight  or  twelve 
cylinders,  are  or  can  be  completely  balanced  in  respect 
to  primary  and  secondary  unbalanced  forces  and  couples. 
The  six  and  twelve-cylinder  engines  are  of  course  inher- 
ently balanced ;  the  four  and  eight-cylinder  need  the  ap- 
plication of  a  device  for  neutralizing  the  secondary  unbal- 
anced forces.  Fig.  11  shows  the  Lanchester  anti-vibrator, 
and  Fig.  12  the  Ricardo  secondary  balancing  device,  each 
if  which  is  effective.  The  principle  of  the  Lanchester  de- 
vice is  that  of  two  reverse-rotating  bob-weights  that 
apply  equal  and  opposite  forces  to  the  secondary  inertia 
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forces  set  up  by  pistons  at  the  end  of  each  stroke,  the 
bob-weights  rotating  at  twice  the  engine  speed.  As  the 
energy  content  of  the  bob-weight  system  is  constant  at  a 
constant  speed,  the  only  force  required  to  drive  the  de- 
vice is  that  arising  from  the  friction  of  the  bob-weight 
spindles,  so  that  the  driving  mechanism  is  merely  a 
motion  transmitter.  When  the  engine  is  accelerated  or 
decelerated,  tooth  pressures  of  material  magnitude  arise, 
but  can  be  dealt  with  easily.  The  peripheral  speeds  of 
the  gears  is  90  ft.  per  sec.  at  an  engine  speed  of  8000 
r.p.m.,  approximately  the  same  as  with  many  turbine  re- 
duction-gears in  daily  use,  where,  in  addition,  the  tooth 
pressures  are  exceedingly  high. 

The  Ricardo  device  is  based  upon  the  principle  of  intro- 
ducing reciprocating  masses  driven  by  linkages,  produc- 
ing the  same  angular  effects  in  respect  to  inertia  with 
these  masses  as  the  connecting-rod  crank  system  pro- 
duces with  the  pistons.  It  is  exceedingly  ingenious.  The 
conditions  under  which  the  pin-joints  in  the  linkage  sys- 
tems work  are  no  worse  than  those  of  the  piston-pin,  and 
although  the  device  appears  a  little  complicated,  it  is 
simple  in  detail  and  works  well.  It  has  not,  however,  the 
advantage  of  ready  application  to  existing  designs  pos- 
sessed by  the  Lanchester  anti-vibrator.  I  have  corre- 
sponded with  many  people  on  the  subject  of  secondary 
balancing  and  have  found  a  general  vagueness  of  thought 
thereon,  many  confusing  secondary  balancing  with  crank- 
shaft torsional  damping  and  still  more  stating  that  they 
had  attained  the  same  ends  by  crankshaft  counterbalance- 
weights.  Whatever  effect  counterbalancing  may  have  in 
reducing  bearing  loads,  it  certainly  does  not,  per  se,  affect 
the  balancing  problem  one  way  or  the  other.  The  only 
virtue  of  crankshaft  counterbnlancing,  the  addition  of 
balance  weights  to  the  crank  webs  so  that  each  individual 
crank  and  attached  rotating  masses  may  be  balanced,  is 
that  wear  on  the  middle  main-bearing  of  the  crankcase 
can  thus  be  practically  eliminated,  and  the  crankcase  itself 
reduced  in  weight  very  considerably. 

The  whipping  tendency  or  "skipping-rope  action"  of  an 
unbalanced  crankshaft,  particularly  in  a  six-cylinder  en- 
gine, sets  up  very  heavy  bearing  loads  and  crankcase 
stresses,  so  that  counterbalancing  may  be  very  desirable 
in  engines  with  center  crankshaft  bearings.  The  elimina- 
tion of  the  center  bearing,  another  accepted  fetish,  dodges 
the  bearing  loading  problem  very  well,  and  will  doubtless 
be  more  widely  adopted  than  at  present.    Further,  the 
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use  of  counterbalance-weights  should  be  accompanied  by 
an  increase  in  crankshaft  diameter,  owing  to  the  torsional 
mass  effects  of  the  balance-weights  which  may  easily  ex- 
emplify the  adage  that  the  cure  is  often  worse  than  the 
disease. 
Apart  from  the  question  of  structural  rigidity,  recipro- 
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eating  mass  effects  present  no  serious  problems  now- 
adays, irrespective  of  number  of  cylinders  and  crank  dis- 
position. The  question  of  vibration  can  therefore  be 
studied  in  the  light  of  how  far  it  is  necessary  or  de- 
sirable to  increase  the  number  of  cylinders,  in  order  to 
satisfy  the  legitimate  demand  for  smoothness  and  flex- 
ibility of  running.  From  this  viewpoint  the  chief  factors 
are 

(1)  Uniformity  of  torque 

(2)  Torque  reaction 

(3)  Inertia  torque  variations 
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Uniformity  of  torque  is  a  matter  of  number  of  cyl- 
inders on  the  one  hand  and  flywheel  weight  on  the  other. 
By  flywheel  weight  here  is  included  the  whole  mass  of 
the  car  in  the  automobile  application  of  gasoline  engines. 
In  other  applications  the  choice  between  increasing  the 
number  of  cylinders  on  the  one  hand  or  the  weight  of  the 
flywheel  on  the  other  would  be  a  matter  for  purely  indi- 
vidual taste,  if  the  problem  had  no  other  aspect  In 
either  instance,  sufficient  torque  uniformity  can  be  ob- 
tained to  satisfy  the  most  exigent  case. 

The  question  of  torque  reaction  is  not  disposed  of  so 
easily.  It  is  in  respect  to  the  reactive  effects  upon  the 
crankcase  supports,  caused  by  the  fluid  pressure  in  the 
cylinders,  that  75  per  cent  of  the  argument  lies  in  the 
choice  of  the  desirable  number  of  cylinders,  particularly 
for  automobile  use.  In  a  discussion  of  this  kind  the  point 
that  the  purchaser  wants  a  six,  an  eight  or  perchance  a 
twelve-cylinder  car  and  therefore  must  be  so  supplied 
is  quite  irrelevant  except  insofar  as  it  calls  for  an  analysis 
of  the  situation  in  general.  Whatever  the  reason  for  the 
public  taste  with  regard  to  multi-cylinder  engines, 
whether  it  be  actuated  by  advertising  or  genuine  need, 
the  outstanding  fact  is  that  the  multi-cylinder  engine  has 
a  large  following,  and  therefore  gives  the  purchaser  some- 
thing which  appeals  to  his  sense  of  comfort  and  fitness. 

It  is  the  business  of  engineers  to  translate  the  often 
inarticulate  but  nevertheless  real  desires  of  the  user  into 
mechanical  terms,  and  to  consider  how  design  can  be 
improved  without  demanding  any  sacrifice  from  the  user 
regarding  the  standard  of  performance  with  which  he  is 
satisfied.  Whether  the  result,  in  gasoline-engine  design, 
is  an  engine  with  fifty  cylinders  or  none  at  all,  is  of  little 
importance.  The  ultimate  test  of  sales  indicates  as  fre- 
quently as  not  that,  given  equal  performance,  a  new  article 
cleverly  advertised  will  scare  the  sales  departments  of 
competitors  into  demanding  novelty  even  at  the  expense 
of  proved  worth  and  reliability.  And  of  this  it  would 
be  difiicult  to  find  a  better  example  than  that  displayed 
in  the  history  of  the  eight-cylinder  car  in  America  and 
the  six-cylinder  car  in  Europe. 

With  these  remarks  I  would  submit  that  torque  reac- 
tion is  one  of  the  chief  problems  before  engine  designers 
today.  The  combination  of  low-gear  ratios  and  large 
multi-cylinder  engines,  which  have  occurred  simul- 
taneously, entirely  masks  the  problem  from  the  viewpoint 
of  performance.    The  "feeling"  of  a  four-cylinder  light 
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low-geared  car  in  respect  to  acceleration  and  flexibility  is 
practically  indistinguishable  from  that  of  an  eight-cyl- 
inder car  of  the  same  gear  ratio  and  capacity  per 
cylinder  but  twice  the  weight  In  a  previous  contribu- 
tion this  aspect  of  the  case  has  been  dealt  with  in  some 
detail,  and  all  that  would  seem  pertinent  here  is  to  urge 
again  that  automobile  engine  design  is  but  one  phase  of' 
the  much  larger  problem  of  car  design.  If  in  reference 
to  acceleration,  slow  running,  capacity  for  high-gear 
work,  and,  last  but  by  no  means  least,  absence  of  ap- 
parent torque  reaction,  it  can  be  shown  to  be  reasonable 
that  the  attainment  of  an  accepted  standard  is  primarily 
a  function  of  car  weight,  the  number  of  cylinders  which 
will  fill  the  conditions  reduces  itself  to  a  matter  of  simple 
arithmetic. 

It  is  quite  conceivable  that  the  four  and  the  eighth 
cylinder  engines  may  win  out,  each  in  their  respective 
spheres.  They  are  natural  relations  and  between  them 
they  can  certainly  fill  any  existing  demand.  Unfortu- 
nately the  eight-cylinder  engine  as  now  designed  is  very 
wide  and  precludes  in  some  cases  an  artistic  hood  and 
radiator  design.  But  this  is  by  no  means  inherent  in  the 
tjrpe,  as  a  later  section  of  the  paper  will  indicate.  Briefly^ 
the  case  for  appearance  in  relation  to  the  ieight-cylinder 
engine  rests  upon  the  short-stroke  engine  with  short  con- 
necting-rods and  secondary  balancing,  and  an  "eight" 
designed  from  this  viewpoint  should  present  many  attrac- 
tive features. 

In  the  list  of  the  factors  contributing  to  vibration 
disturbance,  mention  was  made  of  the  torque  variations 
due  to  piston  inertia.  This  subject  is  but  little  appre- 
ciated and  a  few  words  may  be  of  interest.  This  torque 
variation  arises  from  the  fact  that  the  pistons  are  brought 
to  rest  twice  per  revolution,  thus  causing  alternating 
tension  and  compression  forces  in  the  connecting-rod. 
The  horizontal  component  of  these  forces  evidently 
tends  to  rotate  the  crankcase  about  the  crank- 
shaft axis  and  causes  a  variable  torque  reaction  upon  the 
crafnkcase  supports.  Under  certain  conditions  these  re- 
actions are  neutralized  by  the  fluid  pressure  in  the 
cylinder.  A  little  thought  will  show  that  if  at  the  latter 
part  of  the  compression  stroke  the  connecting-rod  is  in 
tension  due  to  piston  inertia,  this  tension  can  be  neutral- 
ized, or  in  fact  altered  to  coTipression,  by  the  fluid  pres- 
sure upon  the  piston  due  to  compression.  Under  these 
circumstances  the  torque  reaction  due  to  fluid  and  inertia 
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pressure  will  be  zero.  There  is  clearly  a  field  of  engine 
speed  and  compression  pressure  in  which  the  compression 
will  largely  neutralize  the  torque  variation  due  to  inertia. 
As  the  compression  pressure  may  be  considered  con- 
stant with  an  increase  of  speed  and  the  inertia  effects 
vary  as  the  square  of  the  speed,  it  is  obvious  that  the 
inertia  effects  will  start  by  being  less  than  the  compres- 
sion effects  and  gradually  eclipse  and  finally  exceed  these. 
This  inertia  torque  variation  is  often  unpleasantly  mani- 
fested when  the  throttle  is  suddenly  closed  at  high  speeds, 
and  the  cushioning  effect  of  the  fluid  pressure  removed. 
Many  engines  then  behave  as  if  a  bag  of  nails  had  been 
introduced  into  the  crankcase,  and  at  least  one  patent 
has  been  filed  relating  to  carbureters  in  which  the  supply 
of  gasoline  but  not  air  is  cut  off  when  the  throttle  is 
suddenly  closed.  The  fundamental  remedy  is  to  neutralize 
the  inertia  effects  at  the  source. 

Fuel  and  Carburetion 

The  problems  arising  from  the  deterioration  in  the 
quality  of  gasoline  and  the  economic  necessity  of  using 
low-grade  fuels  in  gasoline  engines,  have  been  the  subject 
of  very  extended  study  in  America  and  been  discussed  far 
more  authoritatively  than  is  possible  here.  Fuel  ques- 
tions are  indigenous  to  America,  and  find  their  natural 
solution  among  American  engineers.  There  are,  however, 
one  or  two  points  relating  to  the  trend  of  engine  design 
to  which  reference  may  be  made. 

The  chief  troubles  arising  from  the  use  of  present-day 
gasoline,  the  word  low-grade  being  now  superfluous,  are 

(1)  Detonation  or  pinking 

(2)  Prevention  of  gasoline  deposition  in  the  crank- 
case 

Detonation  may  be  considered  as  an  instantaneous  in- 
crease in  pressure  as  distinguished  from  an  explosion  in 
which  the  time  factor  is  marked  and  measurable.  In  a 
mixture  of  gasoline  and  air,  it  apparently  depends  upon 
the  pressure  and  chemical  constitution  of  the  gasoline 
at  the  instant  of  ignition  rather  than  upon  the  tempera- 
ture. Fuels  containing  a  proportion  of  the  aromatic  series 
or  of  benzol,  are  far  less  susceptible  to  detonation  than 
those  not  so  constituted.  Detonation  is  also  less  likely 
to  arise  if  the  mixture  is  in  a  state  of  violent  turbulence 
so  that  ignition  can  spread  rapidly  through  the  charge. 
If  this  is  not  the  case,  local  ignition  apparently  sets  up 
a  compression  wave  that  spreads  more  rapidly  than  the 
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ignition  so  that  when  the  ignition  takes  place  in  parts 
of  the  charge  remote  from  the  firing  point,  the  charge  is 
very  highly  compressed  and  therefore  detonates. 

The  use  of  benzol  in  even  small  proportions  of  10  to 
20  per  cent  will  allow  much  higher  compressions  to  be 
used  than  are  possible  without  such  addition;  The  ad- 
mixture of  cooled  exhaust-gas  has  the  same  effect  and  has 
been  used  for  many  years  on  producer-gas  engines  where 
very  high  compressions  are  common.  The  application  of 
this  idea  to  gasoline  engines  generally  is  now  being 
worked  out  and  will  doubtless  become  common.  The 
difficulties  are  purely  of  detail  application  and  in  the 
automobile  engine  largely  arise  through  the  necessity 
for  part-throttle  working.  I  have  applied  cooled  exhaust- 
gas  to  a  badly  carbonized  engine  that  simply  would  not 
run  at  full  throttle  with  the  result  that  full  throttle 
could  be  used,  the  torque  obtained  being  within  1  per 
cent  of  that  given  by  the  same  engine  when  clean. 

Many  interesting  data  on  this  subject  of  detonation 
have  been  contributed  by  Mr.  Kettering.  His  researches 
in  this  connection  are  eminently  worthy  of  detail  study. 
The  curves  he  has  obtained  show  clearly  that  detonation 
occurs  well  down  on  the  firing  stroke,  which  supports 
the  view  that  it  occurs  through  delayed  local  ignition  of 
a  highly  compressed  part  of  the  charge. 

The  subject  of  gasoline  deposition  in  the  crankcase  is 
one  of  more  practical  importance  than  a  problem  involv- 
ing physical  speculation.  It  has  been  known  for  many 
years  that  the  lubricating  oil  in  the  crankcase  gradually 
absorbs  gasoline,  and  retains  such  fractions  as  are  not 
volatilized  at  the  temperature  of  the  lubricating  oil  dur- 
ing use.  With  prewar  gasoline,  the  maximum  absorp- 
tion was  about  4  per  cent.  Nowadays,  when  fully  one- 
third  of  standard  gasoline  does  not  vaporize  under  a 
temperature  of  140  deg.  cent.  (284  deg.  fahr.),  deposi- 
tion is  much  more  serious.  It  can  be  dealt  with  once  and 
for  all  by  the  use  of  the  crosshead  piston  described  above. 
On  the  other  hand,  this  cannot  be  applied  without  radical 
alteration  in  design.  The  use  of  high-temperature  induc- 
tion pipes  is  therefore  indicated  to  vaporize  the  gasoline- 
air  mixture  as  much  as  possible  before  it  enters  the 
cylinders.  The  standard  method  of  exhaust  jacketing 
the  induction  manifold  seems  defective  in  that  the  heat 
supply  is  least  at  part  throttle,  when  it  is  most  required, 
and  greatest  at  full  throttle,  when  it  is  least  required. 
The  correct  way  seems  to  be  to  reverse  this  state  of 
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PiQ.   13 — Exhaust-Hkat  Devicb  in  Which  thb  Hbat  Supply  Is 
Cut  Off  at  Full  Throttle 

affairs.  A  device  which  would  satisfactorily  and  auto- 
matically pass  the  greater  part  of  the  exhaust-gases 
through  the  manifold  jacket  at  low  throttle  and  only  a 
small  portion  at  full  throttle  appears  to  be  desirable. 

Such  a  device  is  illustrated  in  Fig.  13.  It  depends  for 
its  action  upon  the  vacuum  in  the  inlet  manifold,  which  is 
more  or  less  in  accordance  with  the  necessity  for  external 
heat  supply.  The  spring-loaded  piston  is  in  communica- 
tion on  one  side  with  the  induction  pipe  and  at  the  other 
forms  a  valve  controlling  the  amount  of  exhaust-gas 
which  can  pass  into  the  inlet-manifold  jacket.  At  a 
small  throttle  opening,  or  a  high  vacuum  in  the  induction 
pipe,  the  maximum  amount  of  exhaust-gas  is  passed  into 
the  manifold  jacket  while  at  full  throttle,  or  a  low 
vacuum,  the  supply  of  exhaust-gas  is  cut  off,  thus  avoid- 
ing unnecessary  preheating  of  the  mixture. 

It  seems  probable  that  the  maximum  deposition  of 
gasoline  in  the  crankcase  occurs  when  the  engine  is 
started.  At  this  time  the  cylinder  walls  are  covered  with 
cold  oil  which  is  quickly  scraped  off  by  the  rings  and 
not  replaced  with  further  lubricant  until  the  engine 
becomes  warm.  Further,  the  gasoline  which  is  used  dur- 
ing the  first  few  minutes  after  starting  is  that  which  is 
left  in  the  float-chamber  after  the  previous  run,  from 
which  the  lighter  fractions  have  already  in  all  prob- 
ability disappeared.  The  same  condition  holds  for 
vacuum  tanks,  where  the  surface  of  the  gasoline  is  ex- 
posed to  the  atmosphere.    It  was  the  custom  among  the 
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drivers  in  the  Mechanical  Transport  Department  in 
France  to  drain  the  carbureter  float-chamber  before 
starting  up  and,  as  engine  starters  were  not  in  common 
use,  the  practice  may  be  accepted  as  one  that  was  really 
necessary.  Since  the  preheating  of  induction-pipe  mani- 
folds before  starting  is  very  advantageous,  the  draining 
of  the  float-chamber,  if  arranged  for,  as  it  can  be,  so 
that  no  troublesome  operations  are  involved,  will  mini- 
mize the  serious  effects  of  gasoline  deposition. 

In  respect  to  carburetion  generally,  the  difficulty  is 
primarily  in  securing  proper  distribution.  It  has  been 
realized  that  it  is  much  easier  to  produce  a  spray  of 
gasoline  and  air  in  requisite  proportions  at  all  loads  and 
speeds,  than  it  is  to  insure  that  this  spray  is  distributed 
equally  in  correct  quantity  and  quality  to  the  cylinders. 


10  20  30         40  50         60  70  60  0O         100 

'p€rcen+a^€   of  Di&tiilcttei. 

Fig.   14 — Fractional  Distillation  Curves  of  Fuels  Available  in 
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There  does  not  seem  to  have  been  much  radical  improve- 
ment in  induction-manifold  design,  although  there  is  less 
variation  in  this  respect  in  engines  than  existed  a  few 
years  ago.  The  principal  detail  improvement  is  possibly 
the  reducing  of  the  size  of  the  manifold  so  that  a  high 
gas  velocity  is  attained  through  it.  There  is  a  real  need 
for  an  inlet  manifold  the  area  of  which  will  adjust  itself 
to  the  requirements  of  the  moment,  being  large  at  full 
load  and  small  at  light  load.  A  flexible  lining  of  the 
manifold,  with  a  space  between  it  and  the  manifold  open 
to  the  atmosphere,  would  seem  to  possess  the  property 
of  collapsing  at  light  loads  when  the  vacuum  in  the 
manifold  is  high  and  of  expanding  at  full  load  when 
the  vacuum  is  low,  thus  producing  an  area  proportional 
to  the  load.  On  the  whole  the  situation  is  probably 
accurately  summed  up  in  the  words  of  Mr.  Howard 
Marmon  to  the  author,  "No  deposition,  no  distribution 
problem." 

Fig.  14  shows  the  fractional  distillation  curves  ob- 
tained by  G.  H.  Baillie,  published  in  1908  in  a  paper  read 
before  the  Royal  Automobile  Club.  These  are  of  interest 
as  recording  the  properties  of  gasoline  of  a  decade  ago, 
and  indicate  strikingly  how  the  carburetion  problem  has 
changed  in  respect  to  the  fuel  itself. 

The  "war  spirit"  used  in  England  during  the  last  three 
years,  when  fractionally  distilled,  only  evaporated  some 
70  per  cent  of  its  volume  under  140  deg.  cent.  (284  deg. 
fahr.),  while  the  0.76  shell  in  Baillie's  experiments  was 
completely  evaporated  at  this  temperature. 

Materials 

It  would  be  neglecting  the  subject  of  the  trend  of 
engine  design  not  to  deal  somewhat  fully  with  materials, 
and  the  principles  underlying  the  choice  of  material  for 
various  purposes.  The  literature  and  practice  of  the  past 
five  years  indicate  that  the  physical  properties  of  ma- 
terials are  considered  far  more  intelligently  than  ever 
before  and  that  design  is  based  upon  some  knowledge 
of  the  real  and  intrinsic  merits  of  the  materials  in  use. 
The  term  "a  stiff  steel"  is  seldom  heard  now  that  it  is 
more  generally  appreciated  that  all  steels  possess  approx-. 
imately  the  same  stiffness.  Further,  the  nature  of 
fractures  and  the  causes  thereof  have  received  much 
attention  by  metallurgists,  or  rather  the  metallurgists 
have  come  out  of  their  lairs,  removed  their  all-seeing 
eyes  from  their  microscopes  and  condescended  to  explain 
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to  the  engineers  in  fairly  plain  English  the  nature  of 
the  metals  they  use  and  the  mechanical  properties  these 
metals  possess.  Even  at  this  date  papers  are  being  read 
by  eminent  metallurgists  speculating  upon  what  happens 
when  a  piece  of  steel  is  broken. 

The  principal  materials  at  the  disposal  of  the  engineer 
are  as  follows : 

Steels,  alloy  and  carbon,  both  high-tensile  and  case- 
hardening 

Cast  iron 

Ailuminum,  forged  and  cast 

Bronze,  phosphor  and  manganese  alloys 

Bearing  metals  containing  lead,  tin,  copper  and  anti- 
mony 

The  choice  of  material  for  any  specific  part  calls  for 
considerable  judgment  to  obtain  the  best  results.  It  is 
perfectly  easy  to  specify  a  high-tensile  alloy  steel  for  a 
crankshaft  on  the  grounds  that  this  is  accepted  high-class 
practice,  although  for  automobile  engine  purposes,  even 
of  the  highest  class,  this  may  be  sheer  waste  of  money. 
The  average  stress  in  a  crankshaft  of  the  solid  tjrpe  is 
very  low,  and  does  not  justify  high-tensile  alloy  steel  ex- 
cept from  one  point  of  view.  This  is  the  local  increase  of 
stress  in  small  fillets  explained  previously.  As  the  inten- 
sity of  stress  in  a  fillet  varies  inversely  as  a  high  power 
of  the  radius,  it  would  seem  far  more  rational  to  elim- 
inate these  high  local  stresses  by  increasing  the  radius 
of  the  fillets,  than  to  use  a  considerable  weight  of  high- 
tensile  material  all  through  with  attendant  expense  and 
difficulty  of  working.  In  all  cases,  subject  to  the  above 
reservation,  the  dimensions  of  a  crank  are  those  required 
for  stiffness  rather  than  strength,  and  are  largely  in  ex- 
cess of  stress  requirements.  The  actual  deflection  under 
a  given  load  of  two  crankshafts  of  identical  design  is 
strictly  in  proportion  to  the  relative  moduli  of  elasticity 
of  the  materials  of  which  they  are  composed.  These  do 
not  vary  more  than  2  or  3  per  cent  in  any  of  the  steels 
in  common  use,  the  higher  values  for  stiffness  being  fre- 
quently obtained  with  the  lower-tensile  steels.  For  the 
above  reasons  there  is  little  advantage  in  the  use  of  ex- 
pensive alloy  steels  for  cranks  unless  their  properties  are 
essential  to  overcome  bad  design  or  are  made  necessary 
by  the  need  for  a  reduction  in  section  without  sacrificing 
stiffness,  as  in  bored-out  aeronautic  engine  crankshafts. 
In  fact,  the  use  of  carbon  steel  properly  heat-treated  is 
very  much  overlooked  in  engine  construction  generally. 
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The  advantage  of  alloy  steel  has  largely  disappeared  with 
increasing  knoveledge  of  heat-treatment  and  stress  dis- 
tribution. 

In  respect  to  physical  tests,  the  old-fashioned  tensile 
test  probably  gives  the  best  indication  of  the  relative 
qualities  of  steels  in  general,  in  spite  of  the  fashion  to 
regard  shock  and  fatigue  tests  as  decisive.  It  is  worthy 
of  remark  that  the  high-tensile  steels  invariably  give 
much  lower  impact-test  figures  than  low-carbon  low- 
tensile  steels.  The  real  point  is  that  impact  and  fatigue 
tests  only  convey  information  as  to  the  capacity  of  the 
material  to  resist  fracture,  when  stressed  outside  its  elas- 
tic range.  If  such  stress  condition  occur,  fracture  is 
bound  to  occur  sooner  or  later,  and  if  such  is  the  case,  the 
precise  amount  of  energy  absorbed  during  fracture  does 
not  possess  much  interest.  It  seems  more  important  to 
have  accurate  information  upon  the  true  limit  of  pro- 
portionality of  stress  and  strain,  and  in  general  much 
more  information  of  the  behavior  of  steel  inside  the  so- 
called  elastic  range. 

My  practice  in  specifying  and  using  steel  has  been  to 
insist  upon  having  the  analysis  of  the  steel  within  reason- 
able limits  and  to  be  sure,  from  micrographic  examina- 
tion, that  the  steel  possesses  the  desired  structure  for  the 
particular  purpose  intended.  With  these  two  points  as- 
sured, physical  properties  will  usually  take  care  of  them- 
selves. An  illustrative  example  of  the  futility  of  trying 
to  combine  high-tensile  and  high-elongation  properties 
arose  in  England  during  the  war  in  connection  with  aero- 
nautic engine  crankshafts,  many  perfectly  sound  cranks 
being  rejected  which  would  have  been  passed  in  the  light 
of  analysis  and  micrographic  examination. 

Of  cast  iron,  little  need  be  said  except  that  machining 
and  wearing  properties  are  usually  inconsistent  with  each 
other.  It  seems  a  pity  to  use  soft  cast  iron  which  wears 
rapidly  at  the  high  piston-speeds  in  common  use,  for  the 
sake  of  a  slight  saving  in  machining  time. 

Aluminum  has  been  greatly  improved  in  the  last  few 
years.  It  is  beginning  to  respond  and  yield  to  the  in- 
genuity and  long-continued  ministrations  of  the  metal- 
lurgists. The  ideal  of  combining  its  lightness  with  the 
properties  of  steel  is  still  far  off,  but  very  much  of  its 
frailty  of  character  has  been  removed,  without  affecting 
its  physical  lightness.  In  the  cast  state,  it  is  possible  to 
obtain  an  ultimate  tensile  stress  of  27,000  lb.,  with  an 
elastic  limit  of  10,000  lb.  and  an  elongation  of  5  to  6 
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per  cent.  The  elastic  limit  is  sufficiently  well  marked  to 
indicate  that  it  can  be  raised  by  overstrain  similarly  to 
that  of  steel.  A  new  material  is  thus  presented  to  the 
engineer. 

The  peculiar  virtue  of  aluminum  for  castings  is  that 
the  weight  is  not  limited  by  foundry  considerations,  as 
in  the  case  of  cast  iron  and  cast  steel.  This  renders  pos- 
sible a  scientific  disposition  of  material,  which  is  exceed- 
ingly important  in  getting  the  maximum  effectiveness  out 
of  a  given  volume  of  metal. 

It  is  safe  to  say  that  90  per  cent  of  engine  castings 
could  be  made  with  perfect  safety  from  the  same  draw- 
ings, whether  in  aluminum  or  other  cast  metal,  thus  re- 
ducing the  weight  by  about  60  per  cent.  By  taking  ad- 
vantage of  the  freedom  of  design  conferred  by  the 
strength  qualities  and  light  sections  permissible  in 
aluminum,  this  reduction  in  weight  for  a  given  casting 
can  be  considerably  improved.  In  the  case  of  the  cylinder, 
problems  of  wearing  surface  arise  apart  from  foundry 
considerations,  but  the  use  of  the  aluminum  cylinder  with 
inserted  liners  has  already  proved  so  successful  in  aero- 
nautic and  automobile  practice,  as  to  justify  serious  at- 
tention from  the  point  of  view  of  present  and  future 
design.  Nor  is  the  high  cost  of  aluminum  so  serious  a 
bar  to  its  wide  adoption  as  would  appear.  As  against 
malleable  iron,  it  is  about  three  times  more  expensive. 
As  it  is  about  one  third  the  weight,  castings  from  the 
same  patterns  would  cost  about  the  same. 

Further,  the  great  facility  with  which  aluminum  can 
be  machined  and  the  high  costs  borne  by  machine-shop 
labor  are  factors  in  cost  of  production  which  often  com- 
pletely offset  the  higher  cost  in  raw  material  form.  As 
a  practical  example  arising  from  aluminum  shortage  dur- 
ing the  war,  I  was  ordered  by  a  British  Government 
department  to  make  certain  crankcases  and  gearboxes  of 
cast  iron.  A  careful  investigation  showed  that  there 
would  be  no  saving  in  the  cost  of  production  and  that 
the  necessary  extra  machine-tool  equipment  would  have 
entailed  a  capital  expenditure  with  attendant  labor  and 
overhead  charges  sufficient  to  make  the  whole  scheme  im- 
practicable. The  case  for  aluminum  as  a  structural  ma- 
terial rests  therefore  upon  the  ease  with  which  it  can 
be  worked,  the  absence  of  foundry  limitations  from  the 
point  of  view  of  weight  in  castings  such  as  crankcases 
and  cylinders  and  the  fact  that  the  strength  of  cast 
aluminum  is  now  far  in  excess  of  what  it  was  a  few 
years  ago. 
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The  relative  weights  per  unit  tensile  strength  are  as 
follows,  the  figures  being  based  upon  the  ultimate  tensile 
strength  in  each  case: 

Tensile  Tensile 

Weight  per      Strength,       Strength -5- 
Cubic  Foot,        lb.  per        Weight  per 
lb.  sq.  in.         Cubic  Foot 

Aluminum  170  27,000  159 

Gun  Metal  500  31,000  62 

Malleable  Iron  480  40,000  83 

Cast  Steel  480  60,000  125 

As  a  material  for  flywheels,  aluminum  would  seem  un- 
suitable, as  indeed  it  is  for  certain  classes  of  engines,  but 
even  for  this  purpose  its  inherent  strength  for  a  given 
weight  calls  for  attention.  The  usefulness  of  a  material 
for  flywheels  is  determined  by  the  peripheral  speed  at 
which  it  can  be  run  without  bursting  from  centrifugal 
effects.  From  this  point  of  view  a  material  is  required 
which  has  a  high  ratio  of  strength  to  weight  per  cubic 
inch.  Comparing  forged  steel  with  an  ultimate  strength 
of  80,000  lb.  per  sq.  in.  to  cast  aluminum  with  an  ultimate 
strength  of  27,000  lb.  per  sq.  in.,  we  obtain  the  following: 

80000 

Forged  Steel =  2.88 

0.28 

27000 

Cast  Aluminum =  2.7 

0.1 

showing  that  for  cases  in  which  space  considerations  do 
not  set  a  limit,  as  in  automobile  engines,  aluminum  is  far 
from  being  a  negligible  material  for  flywheels.  It  is  prob- 
able that  for  moderate-sized  f ywheels,  such  as  are  re- 
quired on  direct-driven  alternating-current  generators,  the 
use  of  aluminum  would  be  economical  in  comparison  with 
forged  steel.  The  use  of  aluminum  is  also  indicated  for 
turbine  disks  and  other  cases  in  which  the  limit  of  speed 
depends  upon  inherent  strength  to  resist  the  forces  set 
up  by  inertia  and  centrifugal  forces.  Although  these  ex- 
amples are  not  directly  connected  with  automotive  en- 
gine design,  they  are  suggestive  by  reason  of  the  fact 
that  engine  sizes  and  speeds  are  now  rapidly  approaching 
the  state  in  which  stresses  due  to  inertia  form  the  basis 
of  engine  design. 

It  is  also  of  interest  to  compare  similarly  the  strength 
of  forged  aluminum  with  that  of  various  steels,  taking 
for  examples  a  mild  carbon  steel,  a  high-tensile  carbon 
steel  and  a  high-tensile  chrome  steel. 
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Tensile  Tensile 
Weight  per  Strength,  Strengths- 
Cubic  Foot,  lb.  per  Weight  per 
lb.  sq.  in.  Cubic  Foot 
Aluminum  (forged)           170  60,000  350 
Mild  Steel                         480  60,000  124 
High-tensile  Steel             480  100,000  208 
Nickel-chrome  Steel         480  135,000  280 

The  advantages  of  aluminum  in  replacing  steel  forg- 
ings  are  best  exemplified  by  the  case  of  the  connectinit- 
rod.  In  the  case  of  a  steel  connecting-rod,  mintimnn 
weight  can  be  obtained  only  by  delicate  machining  opera- 
tions, which  are  further  complicated  by  the  necessity  for 
avoiding  sharp  radii  and  fillets  to  obtain  good  stress  dis- 
tribution. In  other  words,  the  normal  steel  connecting- 
rod  is  about  twice  as  heavy  as  it  would  need  to  be  if  the 
material  could  be  properly  utilized.  With  forged 
aluminum  difficulties  in  respect  to  machining  operations 
and  stress  distribution  naturally  disappear,  and  the  de- 
signer has  so  much  "lightness  in  hand,''  so  to  speak,  that 
local  high  stresses,  as  for  example  those  in  the  middle  of 
the  big-end  cap  parallel  to  the  crank  axis,  can  be  dealt 
with  liberally  without  appreciable  increase  in  weight. 

In  general,  compared  with  steel,  the  case  for  forged 
aluminum  rests  upon  the  fact  that  the  strength  of 
members  subject  to  bending  or  torsion  depends  upon  the 
ultimate  stress  and  the  cube  of  a  linear  dimension,  while 
the  weight  is  a  function  of  the  square  of  a  linear  dimen- 
sion. Thus,  comparing  two  square  beams  subjected  to 
bending,  one  being  1  in.  square  and  the  other  1.41  in. 
square,  the  second  is  twice  as  heavy,  nearly  three  tirties 
as  strong  and  four  times  as  stiff  as  the  first,  thus  showing 
the  overwhelming  effect  of  dimensions  per  ae  and  the  rela- 
tive unimportance  of  high  tensile  strength  in  members 
where  ample  space  is  available,  as  in  the  case  of  the 
connecting-rod  mentioned  above. 

Lightness  of  Construction 
The  development  of  the  aeronautic  engine  has  focused 
the  attention  of  designers  and  the  public  upon  the  light 
engine.  In  the  case  of  the  aeronautic  engine,  lightness 
is  obtained  mainly  through  machining  out  low-stressed 
portions  of  the  various  members  concerned  and  because 
the  large  size  of  these  engines  renders  them  less  sus- 
ceptible to  the  limitations  imposed  upon  lightness  by 
foundry  and  forge  considerations.  It  is  not  necessary 
to  use  twice  as  much  material  as  is  required  to  make  a 
part  which  would  work  perfectly,  providing  it  could  be 
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got  in  place  without  its  being  broken  by  dropping  upon 
the  shop  floor.  In  the  case  of  gasoline  engines  generally, 
such  methods  of  obtaining  lightness  are  either  precluded 
or  prohibitive  in  cost. 

►  Apart,  however,  from  the  use  of  material  of  high 
specific  strength  and  low  density  which  side-tracks 
foundry  and  forge  difficulties,  there  remains  the  consid- 
eration in  the  light  of  recent  knowledge  of  the  all-impor- 
tant question  of  engine  proportions  from  the  point  of 
view  of  least  weight.  There  has  been  during  recent 
years  a  decided  tendency  toward  the  long-stroke  engine 
in  which  the  stroke  is  more  than  one  and  one-third  times 
the  bore.  This  has  arisen  probably  through  a  combina- 
tion of  taxation  by  bore  in  England  and  the  great  s.uc- 
cess  of  the  long-stroke  racing  engine.  The  taxation 
aspect  of  the  case  is  not  of  importance  in  America,  so 
that  it  may  be  of  interest  to  scrutinize  the  question  in 
some  detail  from  the  point  of  view  of  pure  design.  I  have 
been  for  many  years  an  advocate  of  the  familiar  3%  by 
4%-in.  engine  for  use  on  moderate  power  touring  cars. 
I  have  also  been  successful  to  some  extent  in  developing 
the  touring  engine  of  this  type  for  racing  purposes,  hav- 
ing created  world  records  with  such  an  engine  in  1912. 
In  1913,  the  Peugeot  3-litre  racers  appeared  and  more 
or  less  swept  the  board  in  this  class.  They  were 
undoubtedly  very  fast  and,  what  is  more,  were  equipped 
with  probably  the  first  reliable  overhead-valve  high-speed 
racing  engines  ever  built.  Their  success  gave  an  impetus 
to  the  long-stroke  movement,  in  Europe  at  any  rate,  and 
it  may  therefore  be  interesting  to  compare  the  Peugeot 
performance  from  the  point  of  view  of  power  with  that 
of  the  20-hp.  Vauxhall  3Vi  by  4%-in.  touring-car  racing 
engine  with  side  valves  which  I  designed  and  built.  The 
speed  of  the  Vauxhall  on  the  half-mile  track  at  Brook- 
lands  was  100.8  m.p.h.,  while  that  of  the  Peugeot  3% 
by  5.9  in.  of  the  same  capacity  with  four  overhead  valves 
per  cylinder  was  105.  The  bodies  were  as  nearly  as 
possible  equal  in  windage  and  the  gear  ratios  about  the 
same.  The  difference  in  speed  was  due,  in  my  opinion, 
much  more  to  the  overhead  valves  and  consequent  better 
cylinder  charging  than  to  any  variation  in  stroke-bore 
proportions.  The  difference  in  power,  or  more  properly 
mean  effective  pressure,  was  probably  not  more  than  10 
per  cent. 

It  is  obvious  that  if  the  mean  effective  pressure  is 
independent  of  the  stroke-bore  ratio,  the  same  power 
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will  be  developed  by  engrines  of  the  same  cylinder  capacity 
at  the  same  speed.  Aeronautic  engrine  experience  throws 
considerable  light  on  this  question,  some  of  the  latest 
engines  being  of  the  short-stroke  type  and  developing 
mean  effective  pressures  as  high  as  those  with  longer 
strokes.  In  aeronautic  engines  overhead  valves  are  uni- 
versally used,  so  that  adequate  turbulence  is  obtained  in 
the  combustion  chamber,  due  to  the  compact  shape  of 
the  latter.  In  the  case  of  automobile  engines  it  is 
undoubtedly  easier  to  obtain  turbulence  in  long-stroke 
engines  with  side  valves,  than  in  short-stroke  engines 
with  side  valves,  but  the  difference  is  only  a  small  per- 
centage and  there  is,  as  already  indicated,  reason  to 
believe  that  the  combustion  chamber  of  a  side-valve 
engine  can  be  modified  so  as  to  negative  entirely  its 
apparent  deficiency  in  respect  to  turbulence. 

If,  then,  the  problem  of  stroke-bore  ratio  can  be 
denuded  of  its  power  aspect,  which  also  carries  with  it 
thermal  efficiency,  the  ratio  of  stroke  to  bore  can  be 
settled  on  the  basis  of  minimum  weight  and  manufac- 
turing convenience.  From  these  points  of  view  the  short- 
stroke  engine  has  everything  in  its  favor.  To  begin  with, 
the  overall  length  of  the  engine  is  usually  settled  by  the 
summation  of  the  valve  diameters,  which  are  necessarily 
settled  by  the  cylinder  capacity,  being  the  same  for  both 
long  and  short-stroke  engines  of  the  same  capacity.  The 
overall  crankshaft  length,  therefore,  is  also  settled,  since 
the  bearing  lengths  should  be  proportional  to  the  cylinder 
capacity,  which  is  independent  of  the  stroke-bore  ratio. 
On  the  other  hand,  the  larger  throw  of  the  crank  of  the 
long-stroke  engine  increases  the  weight  directly,  while  its 
inherent  extra  "crankiness"  calls  for  larger  dimensions, 
if  equal  stiffness  and  freedom  from  vibration  are  to  be 
assured. 

Following  the  extra  crank-throw  is  the  extended  section 
of  the  crankcase,  necessitating  extra  ribbing  and  metal 
for  strength  and  stiffness,  extra  height  on  the  cylinders 
due  to  the  longer  stroke  and  longer  connecting-rods,  if 
the  ratio  of  crank  length  to  connecting-rod  length  is  to 
be  the  same  as  in  the  short-stroke  engine.  The  length 
of  valves  and  camshaft  center  distance  from  crankshaft 
are  also  increased  in  the  long-stroke  engine,  the  latter 
calling  for  considerably  heavier  timing-gear  than  other- 
wise required.  The  fact  that  it  is  far  easier  to  increase 
the  output  of  a  given  engine  by  boring  out  the  cylinders 
than  by  increasing  the  stroke,  is  in  itself  an  indication 
of  the  line  of  least  resistance  in  design. 
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I  am  confident  that  a  restudy  of  the  stroke-bore  ratio 
problem  will  result  in  a  reaction  toward  the  short-stroke 
engine,  with  all  its  unquestioned  charm  of  sweet  running 
and  flexibility.  Prom  the  point  of  view  of  lightness, 
efficiency  and  power  per  weight,  it  is  significant  that  the 
latest  aeronautic  practice  should  have  broken  away  so 
completely  from  the  long-stroke  superstition  by  which 
aeronautic  engine  design  was  held  in  thrall  only  a  few 
years  ago.  What  is  good  in  principle  for  aeronautic 
engines  is  also  good  practice  in  general  so  far  as  it  can 
be  applied.  Above  all,  the  lessons  to  be  learned  from 
the  aeronautic  engine  which  are  of  general  application, 
is  that  of  the  proved  fact  that  the  short-stroke  engine 
compares  favorably  with  any  other  tsrpe.  Because  of  its 
inherent  lightness  and  reduction  in  quantity  of  material 
required,  it  is  also  economic  in  the  fullest  sense,  another 
happy  example  that  the  best  may  be  the  cheapest. 

The  short-stroke  engine  has  particular  claims  to  atten- 
tion from  the  designers  of  eight-cylinder  car  engines. 
The  trouble  with  such  engines  is  that  they  involve  con- 
siderable overall  width  and  can  only  just  be  packed  into  a 
hood  which  will  conform  with  the  body  lines.  Even  then 
it  is  not  possible  to  adopt  the  high  hood  which,  with  suit- 
able treatment,  can  be  made  so  charming  in  appearance 
and  to  harmonize  so  well  with  modern  body  design.  The 
short-stroke  engine  permits  this  desirable  end  to  be  real- 
ized. It  should  be  remembered  that  for  a  given  ratio  of 
connecting-rod  to  crank  length,  say  2^  to  1,  a  1-in. 
increase  on  the  stroke  means  at  least  1%  in.  on  the  over- 
all height;  %  in.  on  the  crank-throw  and  a  1%-in.  length- 
ening of  the  connecting-rod  centers. 

In  the  case  of  an  eight-cylinder  engine  of  3%-in.  bore 
and  5-in.  stroke,  with  connecting-rods  two  and  one-third 
times  the  crank  length,  the  pistons  being  1.6  in.  from 
piston-pin  center  to  crown,  the  distance  from  crankshaft 
center  to  piston  crown  is  as  follows: 

Crank,  in.  2.5 

Connecting-rod,  in.  11.5 

Piston-pin  to  Piston  Crown,  in.         1.6 

15.6  in."  Or,  say  15.5  in^ 

With  cylinders  of  3.75-in.  bore  and  3.75-in.  stroke,  or 
approximately  the  same  capacity,  the  same  connecting- 
rod  to  crank  ratio  and  the  height  from  piston-pin  to 
piston  crown  %  in.,  we  have  the  distance  from  crank- 
shaft center  to  piston  crown : 


Digitized 


by  Google 


TENDENCIES  IN  ENGINE  DESIGN  387 

Crank,  in.  1.875 

Connecting-rodj  in.  8.800 

Piston-pin  to  Piston  Crownj  in.     1 .  800 

12.475  in.    Or,  say  12.5  in. 

With  the  same  figures  as  above  but  using  secondary 
balancing,  allowing  a  connecting-rod  to  crank  ratio  of 
1.9,  we  have: 

Crank,  in.  1.875 

Connecting-rod,  in.  7 .  125 

Piston-pin  to  Piston  Crown,  in.     1 .  800 

10.800  In.    Or,  say  10.75  in. 

The  approximate  saving  in  overall  width  in  an  eight- 
cylinder  engine,  with  cylinders  at  90  deg.,  is  obviously 
two  and  one-half  times  the  saving  in  height  given  above, 
so  that  the  second  case  would  save  4%  in.  overall  width 
over  the  first,  and  in  the  last  case  the  overall  width 
would  be  reduced  by  not  less  than  6%  in.  Designed 
upon  these  principles,  one  of  the  most  serious  objections 
to  the  eight-cylinder  engines  goes  by  the  board,  and  it 
becomes  possible  to  house  it  under  the  same  well-shaped 
hood  as  now  accommodates  a  four  or  six-cylinder  engine. 

Cleanness  of  design,  both  outside  and  in,  is  being 
appreciated  more  every  day.  The  day  is  rapidly  approach- 
ing when  the  public  will  demand  that  th^  automobile  shall 
not  be  a  means  of  transportation  only,  but  susceptible  of 
artistic  treatment  in  just  the  same  degree  as  a  yacht  or 
a  house.  The  first  law  of  beauty  in  construction  of  any 
kind  is  that  the  part  shall  be  the  one  best  fitted  to  the 
purpose.  In  this  is  postulated  a  fundamental  natural 
economy,  since  it  implies  that  excess  of  material  or  com- 
plication must  be  avoided. 

Some  day,  perhaps  the  eight-cylinder  car  builders  will 
put  their  heads  together  and  work  out  a  design  that  will 
satisfy  the  esthetic  tastes  already  inculcated  by  the  six, 
and  embark  upon  a  new  and  interesting  phase  of  the 
battle  of  the  cylinders.  And  when  the  eight-cylinder  car 
builders  have  done  so  and  evolved  a  car  that  looks  thor- 
oughbred rather  than  cross-bred,  it  will  be  interesting 
to  watch  the  developments  of  six-cylinder  car  builders 
who  have  been  helped  as  much  by  the  appearance  arising 
from  the  use  of  six-cylinder  engines  as  by  their  intrinsic 
merits. 

THE    DISCUSSION 

Cajt.  R.  W.  a.  Brewer: — I  have  been  here  for  three 
and  a  half  years  inspecting  on  behalf  of  the  British  Gov- 
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eminent  Mechanical  Transport  Department,  seeing  ex- 
actly what  you  were  doing  and  what  you  could  do,  and  the 
remarks  of  Mr.  Pomeroy  to  the  effect  that  while  being 
conducted  over  many  American  factories  he  has  seen  the 
vindication  of  principles  he  has  held  for  many  years  in 
relation  to  cost  of  production ;  that  by  sheer  manufactur- 
ing skill  and  enterprise  work  of  the  first  quality  is  pro- 
duced ;  that  complex  parts  seem  to  have  no  terror  for  the 
production  department ;  that  any  rational  increase  in  the 
complexity  of  design  does  not  appear  to  be  a  considera- 
tion in  arriving  at  a  desired  result;  and  that  the  en- 
gineer is  far  less  limited  in  attaining  his  ends  in  the 
United  States  than  in  Europe,  are  fully  borne  out  by  my 
own  experience  and  by  that  of  other  inspectors.  The 
point  is,  that  we  fully  appreciate  the  very  fine  quality  of 
work  that  you  have  been  able  to  do  in  mass  production 
here  in  America,  by  American  methods.  On  our  part, 
we  have  felt  that  we  had  to  act  with  discretion  and  with 
knowledge  of  our  business,  so  that  we  could  cooperate 
with  you  and  your  production  departments,  adjusting  the 
limits  of  accuracy  to  suit  your  methods,  by  which  you 
were  able  to  produce  in  quantity  reasonably,  without 
condemnation  of  parts  that  were  perfectly  satisfactory 
for  their  intended  purpose.  That  is  the  crux  of  the  whole 
situation.  Where  you  want  to  produce  by  American 
quantity  methods  real  good  work  that  is  good  for  the 
purpose  for  which  it  is  made,  it  undoubtedly  can  be  made 
the  best  in  the  world. 

Mr.  Pomeroy's  paper  deals  with  so  many  vital  sub- 
jects that  I  shall  refer  to  only  one  small  section,  to  which 
I  am  devoting  my  entire  attention,  the  question  of  han- 
dling liquid  fuel  in  the  manifold  and  the  carbureter.  It 
is  very  interesting  to  note  the  keenness  of  mind  of  the 
American  engineer  toward  the  problems  involved. 

The  intake  manifold  has  received  less  attention  in  pro- 
portion to  its  deserts  than  any  other  part  of  the  engine. 
It  is  as  vital  to  the  performance  of  the  engine  as  the  car- 
bureter or  the  magneto,  and  there  is  science  behind  them. 
Furthermore,  the  carbureter  and  magneto  depend  for 
their  correct  functioning  upon  the  intake  manifold;  be- 
cause, however  good  an  ignition  system  may  be,  with  a 
bad  intake  manifold  it  cannot  function  properly,  and  both 
are  blamed  for  things  for  which  they  are  not  responsible. 

I  will  at  this  moment  draw  to  your  attention  certain 
vital  points  not  fully  realized  and  dependent  one  upon 
the  other  in  the  correct  design  of  an  intake  manifold.    At 


Digitized 


by  Google 


TENDENCIES  IN  ENGINE  DESIGN  889 

the  1913  Meetinfif  of  the  Society  on  the  Great  Lakes,  we 
discussed  the  intake  manifold  in  a  small  way.  I  argued 
that  the  intake  pipe  was  an  unnecessary  evil  and  should 
be  abolished.  That  pipe  has  disappeared  in  the  mean- 
time ;  it  has  taken  some  years  to  eliminate  it,  but  it  has 
disappeared.  The  point  was  not  fully  realized  at  the 
time  and  I  gave  you  no  indication  as  to  what  I  considered' 
the  proper  way  to  manifold  an  engine;  but  I  have  since 
done  much  work  along  these  lines.  The  trend  of  design 
is  right,  although  slow.  For  an  engine  to  function,  a  dry, 
cool,  homogeneous  mixture  is  required,  distributed  to  the 
cylinders  in  equal  quantities. 

J.  G.  Vincent: — I  have  been  engaged  in  research  to 
find  out  what  the  real  advantage  of  the  I-head  engine  is. 
This  experience  has  given  me  much  renewed  interest  in 
the  L-head  engine.  Considering  that  the  automobile  en- 
gine operates  at  a  very  small  percentage  of  its  total  output 
95  or  98  per  cent  of  the  time  and  investigating  the  ques- 
tion deeply  with  an  open  mind,  it  is  found  that  there  is 
not  the  added  efficiency  in  the  overhead-valve  engine  that 
might  be  expected. 

I  have  been  astonished  at  some  of  the  economy  figures 
obtained  from  an  improved  L-head  engine  and  make  the 
prediction  that  during  the  next  few  years  we  will  see  a 
stronger  tendency  to  retain  or  return  to  the  conventional 
L-head  design.  In  my  opinion  we  will  see  many  detail 
improvements  brought  about  in  this  design  and,  in  this 
connection,  I  mention  the  forged  aluminum  connecting- 
rod,  which  has,  I  think,  distinct  possibilities.  It  is  my 
belief  that  the  tendency  in  design  will  be  toward  refine- 
ment of  details  and  the  development  of  new  materials, 
rather  than  toward  any  radical  departure  to  new  types. 

Thomas  S.  Kemble: — Incompatibility  between  various 
requirements,  such  as  turbulence  and  volumetric  efficiency, 
as  brought  to  light  by  recent  progress,  is  not  so  serious 
as  to  be  discouraging.  We  know,  on  the  contrary,  that  the 
field  for  skill  and  ingenuity  along  the  line  of  harmonizing 
these  apparently  contradictory  factors  grows  with  added 
knowledge.  Furthermore,  we  have  much  that  is  of  direct 
aid  and  contains  few  symptoms  of  incompatibility.  Ne- 
cessity for  high-duty  light-weight  engines  has  resulted  in 
a  rearrangement  of  ideas  regarding  such  matters  as 
stroke-bore  ratio  and  the  use  of  aluminum.  It  has  helped 
to  bring  about  improved  balancing  arrangements  and 
threatened  old  ideas  of  the  ratio  between  stroke  and 
length  of  connecting-rod.    Reliability  requirements  have 
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produced  great  improvements  in  ignition  apparatus, 
valves,  valve  mechanism  and  various  simple  means  for 
providing  great  stiffness  without  undue  weight  or  ex- 
pense. Allowable  bearing  pressures  have  been  increased 
to  such  an  extent  that  radical  practice  before  the  war  is 
conservative  now.  At  the  same  time  bearing  wear  has 
been  practically  eliminated.  Piston  friction  is  being  re- 
duced and  the  piston-ring  has  been  brought  to  a  more 
rational  basis.  We  have  proved  in  practice  that  narrow 
rings  come  to  a  bearing  more  quickly  and  form  as  good 
a  seal  as  the  old-style  wide  rings.  Their  life  is  less  only 
in  cases  where  the  cylinder  bore  has  been  improperly 
finished.  Piston-ring  friction  decreases  in  proportion  as 
the  width  is  reduced.  The  only  limitation  in  this  direc- 
tion consists  in  the  fact  that  rings  must  be  wide  enough 
to  avoid  excessive  breakage  in  handling. 

It  seems  to  me,  in  view  of  these  and  other  similar 
facts,  that  we  may  expect  in  this  country  automobile  en- 
gines capable  of  delivering  at  least  1  hp.  for  every  5  lb. 
of  engine  weight.  No  sacrifice  need  be  made  of  char- 
acteristics demanded  of  high-class  automobile  engines 
today,  and  the  manufacturing  cost  need  be  no  greater. 
Chassis  and  body  design  will  follow  perforce  in  the 
direction  of  light  weight.  The  saving  of  gasoline 
and  tires  will  be  a  great  boon  to  the  industry.  It  is 
undesirable  to  leave  this  subject  without  definitely  recall- 
ing attention  to  the  fact  that  possibilities  for  easy  riding 
qualities  are  not  a  function  of  the  car  weight.  They  are 
a  function  of  the  ratio  of  sprung  to  unsprung  weight,  and 
the  possibilities  for  reduction  of  weight  are  fully  as  prom- 
ising in  one  as  in  the  other.  The  public  fancy  is  vicari- 
ous, demanding  variety  of  combination  and  style.  We 
shall  therefore  continue  with  various  combinations  of 
cylinders  and  more  or  less  varied  body  design.  There  is 
nothing  vicarious,  however,  in  the  harmonious  combina- 
tion of  engineering  and  economic  requirements  which  de- 
mand radical  reduction  in  weight  without  the  sacrifice 
of  comfort  or  reliability.  When  this  demand  is  thor- 
oughly recognized  and  met,  it  will  be  found  that  the  cost 
of  production,  instead  of  increasing,  will  show  a  marked 
decline. 

G.  W.  Klingbr: — For  six  months  I  have  been  balancing 
crankshafts  and  flywheels,  both  statically  and  dynamic- 
ally. We  have  obtained  crankshafts  from  various  auto- 
mobile manufacturers  throughout  the  country,  to  investi- 
gate and  balance.    A  number  of  the  shafts  appear  to  be 
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too  weak;  they  are  not  rigid  enough  in  that  they  whip, 
which  naturally  causes  them  to  rotate  around  a  curved 
axis.  The  flywheels  seem  too  heavy  for  the  crankshafts, 
which  causes  torsional  vibration,  or  increases  the  vibra- 
tion. Mr.  Lanchester,  of  England,  who  has  made  a  de- 
vice to  eliminate  the  torsional  vibrations,  has  not  taken 
into  consideration  the  fact  that  a  crankshaft  and  a  fly- 
wheel must  first  be  balanced  both  statically  and  dynamic- 
ally before  all  torsional  vibrations  can  be  eliminated.  It 
is  absolutely  essential,  before  using  an  anti-torsional- 
vibration  device,  to  balance  both  statically  and  dynamic- 
ally the  crankshaft  with  the  flywheel. 

L.  H.  Pomeroy: — I  am  particularly  interested  to  leanr 
that  Mr.  Vincent  thinks  as  I  do  about  the  possibilities  of 
the  L-head  engine,  and  I  venture  to  say  that  during  the 
next  twelve  months  more  people  will  think  as  we  do. 
Captain  Brewer's  remarks  are  more  in  the  nature  of  an 
addition  to  the  paper  than  a  criticism  thereof;  I  fully 
appreciate  and  endorse  his  viewpoint. 

Mr.  Klinger's  contribution  is,  however,  very  pertinent. 
I  take  this  opportunity  of  stating,  as  one  representing 
Mr.  Lanchester  in  this  country,  that  he  certainly  has  no 
illusions  upon  the  subject  of  the  relative  importance  of 
static  and  dynamic  balance.  The  work  of  the  Lanchester 
crankshaft  damper  is  to  eliminate  periodic  torsional  vibra- 
tion. It  does  not  and  is  not  intended  to  have  any  effect 
upon  static  or  running  balance.  It  is,  of  course,  highly 
probable  that  a  crankshaft  incorrectly  balanced  would  be 
more  liable  to  periodic  torsional  vibration  than  one  cor- 
rectly balanced,  but  the  difference  would  be  one  of  degree 
only.  It  should  also  be  pointed  out  that  it  is  by  no  means 
easy  to  obtain  correct  rotary  balance  in  machines  where 
only  the  ends  of  the  crankshaft  are  supported,  so  that 
the  crankshaft  is  free  to  whip  when  rotating  at  anything 
like  a  high  speed.  It  has  always  seemed  to  me  essential 
that  the  crankshaft  should  be  kept  rigidly  in  line  before 
any  balancing  operations  are  carried  out.  It  is  also  of 
interest  to  notice  that  the  addition  of  crankshaft  counter- 
weights has  a  very  considerable  tendency  to  increase  tor- 
sional vibration  effects,  unless  the  crankshaft  is  increased 
in  diameter  to  allow  for  the  effect  of  the  heavy  masses 
distributed  along  its  length. 

I  am  interested  to  learn  Mr.  Kemble's  experience  in 
respect  to  narrow  piston  rings,  as  it  confirms  my  own. 
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STEAM  AUTOMOTIVE  SYSTEM 

By  Lewis  L  Scott' 

It  is  stated  that  the  general  performance  of  the  steam- 
propelled  automobile  has  never  been  equalled  by  that 
of  the  most  highly-developed  multiple-cylinder  gasoline 
cars  and  that  it  is  significant  that  no  innovation  in  the 
gasoline  car  has  yet  been  able  to  give  steam-car  per- 
formance. This  led  to  an  effort  to  remove  the  trouble- 
some features  of  the  steam  car,  rather  than  to  compli- 
cate the  gasoline  car  further  by  attempting  to  make  it 
duplicate  steam-car  performance.  The  paper  describes 
in  detail  the  steam  automotive  system  developed  by 
the  author  and  E.  C.  Newcomb,  including  the  boiler, 
the  combustion  system  and  its  control,  the  engine  and 
the  condensing  system. 

It  is  generally  conceded  that  so  far  as  flexibility, 
smoothness  of  operation,  simplicity  of  control,  accelerat- 
ing ability  and  high  torque  at  low  speeds  are  con- 
cerned the  performance  of  the  steam-propelled  auto- 
mobiles has  never  been  equaled  by  that  of  the  most  highly 
developed  multiple-cylinder  gasoline  cars.  Yet  when  we 
consider  the  time  required  to  raise  steam,  the  expert  at- 
tention and  labor  in  operation,  the  short  life  of  the  boiler, 
the  complicated  and  unreliable  automatic  devices,  the 
danger  from  fire  and  explosion,  the  clogging  of  the 
burners,  the  short  water-mileage,  etc.,  it  is  easy  to  see 
why  the  automobile  buyer  has  been  willing  to  put  up 
with  even  the  one-cylinder  gasoline  car  in  preference  to 
the  steam  vehicle. 

Ever  since  the  day  of  the  one-cylinder  automobile,  de- 
signers have  been  trying  to  build  gasoline  cars  that  could 
approach  the  performance  of  the  steam  car.  The  result 
has  been  the  addition  of  one  complication  after  another, 
the  twelve-cylinder  engine  being  perhaps  the  final  effort 
in  this  direction. 

The  significant  thing,  however,  is  that  no  innovation 
in  the  gasoline  car  line  has  been  able  as  yet  to  deliver 
steam  car  performance.  It  appeared  to  me  after  an  analy- 
sis of  the  situation  that  the  obvious  thing  to  do  was  to 
remove  the  troublesome  features  of  the  steam  car,  rather 
than  add  complications  to  the  gasoline  car  in  the  effort 
to  duplicate  the  performance  of  the  steam  car.    In  view 
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of  these  facts  and  of  the  present  fuel  situation,  I  believe 
that  a  description  of  the  steam  automotive  system*  de- 
veloped by  E.  C.  Newcomb  and  myself  will  prove  of  in- 
terest to  engineers  who  are  studying  the  problem  of  the 
use  of  steam  at  high  pressures  and  temperatures,  ir- 
respective of  its  application  to  automobiles.  While  I  will 
describe  this  system  as  applied  to  a  motor  car,  it  can  be 
applied  with  equal  advantage  to  a  motor  truck  or  tractor. 
This  steam  system  has  been  in  successful  operation  in  an 
automobile  for  over  one  year.  The  following  is  a  brief 
outline  of  what  has  been  accomplished: 

Steam  can  be  raised  from  a  cold  boiler  to  a  working 
pressure  in  about  ^   min.     No  manual  operation  of 

*Mr  Newcomb's  first  development  work  on  the  steam  automobile 
waa  carried  on  from  1900  to  1906.  One  of  his  early  steam  cars 
was  described  in  the  Horseless  Age,  Jan.  28,  1903.  This  was  the 
foundation  work*  around  which  some  parts  of  the  present  systems 
have  been  developed. 
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any  kind  is  required  in  starting,  other  than  closing  an 
electric  switch 

Only  one  kind  of  fuel  is  used,  such  as  kerosene  or 
heavier  fuel.  No  pressure  is  carried  in  the  fuel  tank. 
The  fuel  is  ignited  in  a  cold  state  by  a  common  spark- 
plug and  ie  cleanly  and  completely  burned.  No  vapor- 
izing of  fuel  or  pilot  light  is  required 

The  boiler  will  not  prime,  is  non-explosive,  will  not 
"crust-up"  or  scale  and  can  be  forced  to  any  degree 
required  in  service.  The  car  will  run  a  mile  on  stored 
steam,  after  the  fire  is  shut  off.  Spark-plug  and  boiler 
coil  sooting  troubles  have  been  eliminated 

All  complicated  automatic  control  devices  have  been 
eliminated.  The  steam-pressure  gage  is  arranged  to 
control  the  pressure  and  temperature  of  the  steam  au- 
tomatically. All  stuffing-boxes  have  been  eliminated 
from  the  water-pumps  and  engine.  The  water-pump  is 
noiseless  in  its  operation.    No  cushion  is  required 

The  engine  is  of  a  highly  efficient  semi-unifiow  type, 
having  a  steam  rate  of  about  12  lb.  per  hp.-hr.  It  has 
only  two  cylinders  and  possesses  a  flexibility  that  can- 
not be  approached  with  a  twelve-cylinder  gas  engine. 
A  condensing  system  giwes  long  water  mileage 

The  Boiler 

The  steam  generator  is  of  the  continuous  flow  type 
and  consists  of  four  frustro-conical  coils  connected  in 
series  to  form  a  continuous  tube  through  which  all  of 
the  water  to  the  boiler  and  all  of  the  steam  discharged 
from  the  boiler  must  pass.  The  coils  of  this  boiler  are 
wound  on  a  conical  drum,  one  coil  being  wound  right- 
hand  and  the  adjacent  coil  left-hand.  The  coils  are  as- 
sembled one  over  the  other  and  the  ends  are  welded 
together.  Spacers  are  used  to  separate  the  coils.  Nickel 
steel  tubing  l^-in.  inside  diameter  and  %-in.  outside 
diameter  is  used  for  the  boiler  coils.  This  tubing  wiU 
withstand  a  pressure  of  about  35,000  lb.  per  sq.  in.  and 
cannot  be  injured  in  any  way  by  freezing.  All  of  the 
joints,  which  are  very  few,  are  welded. 

Water  enters  the  bottom  of  the  outer  coil,  the  coil 
most  remote  from  the  fire,  and  steam  is  discharged  at 
the  lowest  point  of  the  inner  coil  next  to  the  fire.  This 
construction  causes  the  liquid  supplied  to  the  generator 
to  flow  gradually  and  uniformly  from  the  outer  coil  to- 
ward the  inner  coil  in  a  direction  opposite  to  that  of  the 
flow  of  the  products  of  combustion,  and  the  liquid  is 
gradually    and    uniformly   heated    and   prevented    from 
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Side  View  of  the  Passenqer  Car 

The  Dynamo,   Which   Is   Mounted    Directly   in   Back  of  the  Boiler, 

Determines  the  Height  of  the  Dash 

flowing  by  gravity  to  the  inner  coil  or  coils,  as  it  would 
if  the  coils  were  arranged  one  above  another. 

The  inner  coil  surrounds  the  combustion  chamber,  and 
the  products  of  combustion  as  they  pass  between  the  coils 
are  brought  into  contact  with  successively  cooler  heat- 
absorbing  surfaces.  Therefore,  the  available  heat  is 
nearly  all  absorbed.  The  stack  temperature  runs  from 
250  to  350  deg.  fahr.  It  is  not  necessary  to  insulate  the 
outer  shell  that  covers  the  boiler  coils.  This  shell  can  be 
removed  in  a  few  minutes,  so  that  the  coils  are  very 
accessible. 

Circulation  of  water  through  the  boiler  is  dependent 
upon  action  of  the  water-pump.  The  velocity  of  the 
steam  through  the  boiler  is  approximately  450  ft.  per  sec. 
Owing  to  this  high  steam  velocity  and  to  the  use  of  de- 
flocculated  graphite  mixed  with  kerosene  for  lubricating 
the  engine  cylinders,  scale  and  deposit  troubles  have  been 
eliminated.  Tubes  sawed  out  of  a  boiler  after  one  year's 
operation  show  no  sign  of  deposit  except  for  a  very  thin 
film  of  graphite  on  the  inside.  The  boiler  has  about  72 
sq.  ft.  of  heating  surface  and  can  produce  500  lb.  of  steam 
per  hr. 

Combustion  System 

The  fuel  used  is  kerosene  or  fuel  oil,  carried  in  a  tank 
at  the  rear  of  the  car.  No  pressure  is  maintained  in  the 
fuel  tank.  When  the  fire  is  on,  the  fuel-pump,  driven  by 
a  small  electric  motor  which  also  drives  the  water-pump 
and  air  blower  delivers  fuel  to  a  mechanical  atomizing 
nozzle  located  at  the  top  of  the  boiler,  whence  it  is  dis- 
charged at  about  35-lb.  pressure  in  a  very  fine  spray 
downward  into  the  combustion  chamber.  Attention  is 
called  to  the  fact  that  air  from  the  blower  has  nothing 
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to  do  with  atomizing  the  fuel.  The  fuel  is  atomized  by 
the  pressure  forcing  it  through  a  nozzle  of  special  shape. 
This  nozzle  is  arranged  to  prevent  fuel  from  passing 
through  it  until  proper  spraying  pressure  is  reached. 

Ignition  of  the  fuel  spray  is  effected  by  a  coniinon 
spark-plug.  The  terminals  of  the  spark-plug  are  located 
in  a  zone  where  the  mixture  is  very  rich.  Air  to  support 
combustion  is  supplied  by  the  blower.  The  ignition  of 
cold  kerosene  by  a  spark  and  the  efficient  and  complete 
burning  of  the  fuel  depend  upon  the  size  of  the  kerosene 
particles,  their  velocity,  the  quantity  of  heat  in  the  spark 
and  its  location,  the  arrangement  for  supplying  air  to 
complete  the  combustion  and  the  size,  shape  and  arrange- 
ment of  the  combustion  chamber. 

If  a  particle  of  fuel  of  a  given  size  moves  at  a  certain 
velocity  through  an  electric  spark,  it  must  absorb  enough 
heat  to  bring  the  temperature  of  the  particle  up  to  the 
flash-point  or  combustion  will  not  take  place.  Hence  the 
fuel  must  be  broken  into  very  fine  particles  and  the 
spark  located  in  a  zone  where  the  mixture  is  rich.  By  so 
doing  the  spark-plug  soon  accumulates  soot  which  will 
short-circuit  it  in  a  day's  run.  To  overcome  this  trouble 
a  short  funnel  is  placed  around  the  spray  and  the  ter- 
minals of  the  plug,  which  are  made  extra  long,  are  allowed 
to  project  through  a  hole  in  the  funnel.  An  air  space  is 
between  the  porcelain  of  the  plug  and  the  funnel.  This 
eliminates  all  trouble  from  soot  deposits. 

The  combustion  of  atomized  fuel  is  usually  accom- 
panied by  a  very  objectionable  roar,  due  to  the  varying 
rate  of  flame  propagation  in  a  mixture  of  gas  and  air 
of  changing  proportions.  In  a  mixture  of  constant  pro- 
portions the  various  parts  of  the  flame  move  at  different 
velocities  and  cause  a  similar  noise.  To  secure  a  rapid 
reaction  of  the  fuel  mixture  when  ignited,  a  double 
funnel  is  arranged  to  project  into  the  top  of  the  com- 
bustion chamber.  The  funnels  are  made  of  sheet  nickel 
about  1/32  in.  thick.  While  the  temperature  at  this 
point  is  not  high,  the  funnels  heat  up  instantly  and 
catch  and  vaporize  all  stray  particles  of  fuel.  The  use 
of  the  funnels  practically  eliminates  the  noise. 

The  burning  of  atomized  fuel  requires  the  use  of  a 
long  combustion  chamber.  Great  difficulty  has  been  ex- 
perienced by  others  in  the  past  with  failure  of  refractory 
linings  on  account  of  flame  impingement.  It  is  necessary 
that  combustion  be  complete  before  the  fire  touches  the 
boiler  tubes  or  deposits  of  soot  will  form.     With  the 
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combustion  chamber  as  shown  in  the  sectional  view  of  the 
boiler,  the  fire  cannot  play  on  any  coil  and  the  heat  is 
gradually  absorbed  over  a  large  area,  with  the  result 
that  no  trouble  is  experienced  in  burning  boiler  coils  or 
breakihg  down  the  refractory  lining.  The  combustion 
chamber  is  surrounded  by  the  boiler  coils. 

The  air-valve  or  shutter  in  the  blower  discharge  line 
opens  when  the  blower  is  running  and  closes  by  gravity 
when  the  blower  stops.  It  prevents  back-flow  of  heat 
from  the  combustion  chamber  when  the  blower  is  not  in 
operation. 

Under  normal  operation  the  temperature  of  the  inner 
boiler  coil  never  rises  above  800  deg.  fahr.,  and  the  coil 
is  therefore  not  subject  to  the  oxidation  which  would  re- 
sult at  higher  temperatures. 

In  some  boilers  we  have  coated  the  inner  coil  with 
aluminum  and  then  purposely  subjected  it  to  tempera- 
tures ranging  from  1400  to  1800  deg.  fahr.  It  is  sur- 
prising how  this  coating  prevents  oxidation  at  high  tem- 
peratures. 

Combustion  Control  System 

Great  difficulty  has  heretofore  been  experienced  in 
maintaining  an  even  pressure  and  temperature  in  the 
automotive  use  of  the  continuous-flow  type  of  boiler. 
Pressures  and  temperatures  either  too  high  or  too  low 
lead  to  burning  of  boiler  tubes,  burning  out  of  packing 
and  to  irregular  running  of  the  car.  Control  systems  of 
the  past  included  numerous  by-pass,  steam  automatic  and 
low-water  automatic  valves,  flow  meter,  etc.,  all  of  which 
were  delicate,  unreliable  and  sluggish  in  action.  The 
control  we  have  developed  consists  of  a  steam-pressure 
gage  which  operates  an  electric  switch  that  in  turn  con- 
trols the  operation  of  a  small  electric  motor.  As  the 
water  and  fuel-pumps  are  driven  by  the  same  electric 
motor,  these  liquids  are  pumped  in  unison  and  in  a 
definite  quantitative  relation.  For  this  reason  super- 
heated steam  is  delivered  at  a  temperature  and  pressure 
ratio  which  is  substantially  unvarying.  As  the  fuel  and 
water-pumps  are  put  into  action  almost  instantly,  they 
adjust  themselves  with  great  precision  to  meet  situations 
in  which  the  demand  for  power  varies  greatly  and  the 
variations  are  sudden  and  irregular. 

The  length  of  time  that  the  motor  is  running  depends 
upon  the  demand  for  steam.  If  for  example  the  car  is 
running  at  25  m.p.h.  on  a  level  road,  the  motor  will  run 
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and  the  fire  be  on  about  one-third  of  the  time.  If 
running  up  a  hill  at  the  same  speed,  the  fire  might  be  on 
all  the  time.  If  running  at  60  m.p.h.  on  a  level  road 
the  fire  would  be  on  all  the  time.  Thus  it  is  easy  to 
see  the  advantage  of  using  a  constant-speed  electric  mo- 
tor in  place  of  driving  the  pumps  from  the  engine.  This 
drive  has  also  the  advantage  of  locating  right  at  the 
boiler  all  parts  containing  water.  By  driving  the  water- 
pump  with  an  electric  motor  it  is  not  necessary  to  use  a 
cushion  in  the  water  line  to  prevent  water  hammer.  In 
former  practice  these  cushions  usually  took  the  form  of 
spring-loaded  pistons,  which  constantly  broke  springs 
and  needed  repacking.  The  safety  or  blow-off  valve  has 
been  eliminated  and  is  replaced  by  a  fuse  in  the  motor 
circuit.  Should  the  automatic  switch  controlling  the 
motor  fail  to  cut  out  at  the  predetermined  maximum 
pressure  the  motor  will  be  compelled  to  pump  against  a 
greater  pressure  and  the  overload  thus  applied  will  cause 
the  fuse  to  blow. 
The  starting  and  stopping  of  the  pump  motor  is  con- 


Thh  Engine  op  the  Passenger  Car  Is  Mounted  Partly  on  the 
Rear  Axle  and  Partly  on  the  Frame 
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Duplex  Steam  and  Kerosene  Gage 

trolled  by  the  steam-pressure  gage.  This  gage  operates 
a  small  switch  which  is  set  to  open  the  motor  circuit  at 
600-lb.  steam  pressure  and  to  close  the  circuit  when  the 
steam  pressure  has  dropped  to  500  lb.  It  is  necessary  to 
break  the  circuit  at  one  steam  pressure  and  close  it  at  a 
lower  one.  This  differential  action  is  brought  about  by 
two  forces ;  one,  a  small  magnet  on  the  back  of  the  steam 
gage,  the  other,  a  pin  on  the  Bourdon  tube  of  the  gage. 
At  the  time  the  switch  is  closed  the  water  and  fuel- 
pumps,  air  blower  and  spark-plug  all  operate  in  unison. 
The  kerosene  and  steam  gages  are  united  in  duplex  form. 
The  back  of  this  duplex  gage  is  shown.  Small  pins  which 
are  attached  to  the  Bourdon  tubes  of  these  gages  project 
out  through  the  back  of  the  gage  and  operate  the  small 
electric  switches.  The  kerosene  gage  controls  the  time 
of  operation  of  the  spark-plug.  This  circuit  is  closed 
from  0  to  25  lb.  pressure  or  during  the  time  immediately 
following  the  starting  of  the  motor,  and  open  above  25-lb. 
pressure,  thus  shutting  off  the  spark  after  the  fire  is 
lighted.  The  normal  pressure  on  the  delivery  side  of  the 
fuel-pump,  when  the  motor  is  running,  is  about  35  lb.  A 
constriction  at  the  gage  introduces  a  time  element  such 
that  the  pressure  in  the  Bourdon  tube  of  the  gage  does 
not  build  up  immediately  upon  starting  of  the  fuel-pump. 
The  spark  coil  is  connected  to  the  motor  side  of  the 
magnet  switch  and  the  spark  is  therefore  off  when  the 
steam  pressure  is  up  to  600  lb.  If  for  any  reason  the 
spark  should  fail  and  the  combustible  mixture  fill  the 
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combustion  chamber  and  be  later  ignited,  no  more  harm* 
is  caused  than  by  a  muffler-explosion  in  a  gas  car. 

To  avoid  handling  the  motor  current  on  the  steam-gage 
switch,  and  to  get  a  quick-acting  switch  in  the  motor 
circuit,  a  magnet  switch  is  used  to  control  the  motor 
circuit.  The  magnet  switch  takes  V^  amp.  to  operate  it 
and  this  is  the  current  carried  by  the  gage  switch.  A 
steam  temperature  gage  is  used  to  indicate  the  tempera- 
ture of  the  steam,  which  runs  from  600  to  750  deg.  fahr. 
This  gage  has  an  electric  switch  that  closes  at  800  deg. 
fahr.  at  which  time  the  fuel  will  be  automatically  cut 
off  from  the  combustion  chamber.  The  closing  of  this 
switch  causes  a  small  magnetically-operated  by-pass  valve 
in  the  fuel  line  to  open.  This  switch  seldom  comes  into 
use  in  the  normal  working  of  the  system,  but  is  a  safety 
means  to  shut  off  the  fire  in  the  event  that  the  water- 
tank  is  empty.  It  is  also  a  means  of  correcting  the  fuel- 
water  ratio  if  this  should  for  any  reason  be  deranged. 

As  with  most  gas  cars,  we  use  an  electric  motor,  a 
storage  battery  and  a  generator.  The  motor  and  genera- 
tor have  compound  windings,  and  the  series  fields  of  the 
motor  and  generator  are  connected  in  series.  The  gener- 
ator furnishes  all  of  the  current  to  the  motor  direct 
when  the  engine  is  running;  when  the  motor  shuts  off, 
due  to  steam  pressure  being  up  to  600  lb.,  the  series  field 
of  the  generator  is  automatically  cut  out,  thereby  re- 
ducing the  output  to  a  current  suitable  for  charging  the 
battery.  For  tractor  work,  where  the  speed  of  the  en- 
gine is  nearly  constant,  it  is  possible  to  eliminate  the 
generator,  motor  and  storage  battery,  but  it  is  then 
necessary  to  have  hand  starting  devices,  a  cry  battery  for 
ignition  and  control  of  small  magnets  which  act  on  the 
suction  valves  of  the  pumps.  For  passenger-car  appli- 
cations the  motor  and  storage  battery  are  believed  to  be 
the  most  direct  and  simple  arrangement. 

One  of  the  sources  of  trouble  on  automotive  steam 
systems  of  the  past  was  the  water-pump.  It  was  noisy, 
valves  would  not  last  very  long,  it  would  become  air- 
bound  when  the  water  in  the  tank  became  too  hot  and 
required  a  constant  adjustment  of  the  stuffing-boxes. 
The  valves  on  the  water-pump  used  in  this  instance  are 
made  of  special  non-rusting  material  that  has  very  long 
life.  The  lift  of  the  valves  is  limited  to  1/16  in.  Because  of 
the  small  lift  and  special  design  of  the  valve  and  the  fact 
that  the  pump  always  runs  at  the  same  speed,  regardless 
of  the  speed  of  the  car,  all  pump  noise  is  eliminated.    As 
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Sectional  Views  of  the  Water-Pump  Showing  the  Worm 
gear  drive 

the  pump  has  practically  no  clearance  space  it  cannot 
become  air-bound.  No  stuffing-box  is  used  and  the  entire 
pump  is  enclosed  in  a  case  and  submerged  in  oil.  The 
pump  plunger  is  made  of  hardened  high-chromium  steel ; 
it  is  designed  so  that  there  can  never  be  any  side-thrust 
on  it  or  on  the  pump  cylinder  and  consequently  there  is 
absolute  alignment  at  all  times.  By  making  the  pump 
cylinder  long  and  the  bore  absolutely  round  and  straight, 
the  wear  of  the  plunger  or  the  cylinder  is  substantially 
nil,  there  is  no  need  of  using  stuffing-boxes,  and  a  mini- 
mum amount  of  friction  between  plunger  and  cylinder 
results.  The  pump  does  not  leak.  These  pumps  have 
been  built  to  work  successfully  against  5000-lb.  pressure 
although  the  pressure  in  this  instance  never  exceeds 
600  lb. 

The  Engine 

The  engine  is  of  the  semi-uniflow  two-cylinder  double- 
acting  poppet-valve  type.  The  valves  and  piston-rods  are 
m'ade  of  non-rusting  material  and  the  former  never  need 
to  be  reground.  The  metal  in  the  cylinder  is  absolutely 
uniform  in  section,  so  as. to  insure  even  expansion  when 
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hot.  The  cam  box,  whi<;^  carries  the  cam  and  tappets  for 
operating  the  valves,  is  thoroughly  insulated  from  the 
cylinder  to  avoid  heating  of  the  oil  carried  in  the  cam 
housing.'  Different  points  of  cut-off  and  reverse  are  ob-  . 
tained  by  moving  the  camshaft  in  an  axial  direction.  The 
cams  are  of  special  shape  to  permit  easy  shifting  and  to 
allow  an  infinite  number  of  cut-off  positions.  By  using 
a  short  cut-off,  tight  valves,  small  clearance  space,  free 
exhaust  and  a  uniform  section  of  the  cylinder  metal, 
very  low  steam  consumption  is  secured.  The  mechanical 
efficiency  of  the  engine  is  about  95  per  cent.  No  stuffing- 
boxes  are  used  on  valve-stems  or  piston-rods,  these  being 
unnecessary  because  of  the  use  of  non-rusting  material, 
proper  design  and  workmanship  and  means  for  main- 
taining perfect  alignment. 

The  throttle-valve  is  made  of  non-rusting  material. 
Steam  cannot  pass  the  seat  of  the  valve  until  the  valve 
is  far^enough  off  its  seat  to  give  a  full  opening.  Wire- 
drawing which  tends  to  destroy  the  valve  seat  is  thereby 
prevented.  The  throttle-valve  is  arranged  to  close  auto- 
matically when  the  brake  is  applied. 

In  passenger  cars  the  engine  is  mounted  partly  on  the 
rear  axle  and  partly  on  the  frame,  the  greater  portion  of 
the  weight  being  carried  by  the  frame.  The  unsprung 
weight  on  the  axle  is  small.  By  employing  this  construc- 
tion the  drive-shaft  and  universal-joints  are  eliminated 
and  a  smooth-riding  car  is  obtained.  In  the  case  of 
truck  applications  the  engine  is  mounted  on  the  frame  of 
the  car,  and  a  conventional  rear  axle   used. 

After  steam  is  up  the  engine  and  car  are  started  for- 
ward and  the  speed  controlled  by  opening  the  throttle- 
valve.  The  cut-off  position  is  controlled  by  a  pedal  con- 
nected so  as  to  move  the  camshaft  axially.  The  same 
pedal  is  also  used  to  shift  the  camshaft  to  the  reverse 
position,  when  backing  the  car. 

When  the  engine  is  mounted  partly  on  the  rear  axle 
and  partly  on  the  frame,  the  differential  spur  gear  is 
carried  in  the  engine  case.  This  is  an  aluminum  casting 
carefully  designed  to  take  care  of  all  conditions  met  in 
service.  There  are  many  unique  features  in  the  differen- 
tial, the  principal  one  being  the  means  of  adjusting  the 
differential  spur  gear  to  the  engine  spur  gear.  This 
adjustment  is  brought  about  by  having  the  bearing  for 
the  axle  mounted  in  the  aluminum  frame  on  an  adjust* 
able  axis  of  rotation  which  is  eccentric  to  the  axis  of  the 
axle.    This  arrangement  permits  a  very  fine  adjustment 
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Thb  Throttle  Valve  (Above)  and  the  Fuel  Spray  Nozzle 
(Below) 

between  the  engine  driving-gear  and  the  differential  gear 
and  maintains  a  concentric  alignment  of  the  entire  axle. 

Condensing  System 

It  is  possible  to  obtain  a  water-mileage  of  from  100  to 
350  on  a  25-gal.  tank  of  water  by  simply  running  the 
exhaust  steam  from  the  engine  into  the  top  of  a  radiator 
which  is  similar  to  a  gas  car  radiator  and  connecting  the 
bottom  with  the  water  tank;  this  is  without  using  a  radi- 
ator fan.  Weather  and  roaci  conditions  will  greatly  affect 
the  water-mileage.  It  is  very  desirable  to  get  great 
water-mileage  because  aside  from  general  inconvenience 
the  amount  of  foreign  matter  brought  into  the  system 
is  greatly  reduced.  Great  water-mileage  will  admit  of 
the  use  of  alcohol  in  the  water  to  prevent  freezing  in 
cold  weather.  One  of  the  first  things  to  accomplish  in 
this  matter  is  to  have  an  engine  that  is  efficient.  The 
efficiency  of  the  engine  not  only  saves  fuel  and  water  but 
determines  the  size  of  the  boiler.  The  exhaust  steam 
from  the  engine  must  be  properly  distributed  at  the  top 
of  the  radiator  and  the  discharge  from  the  radiator  to 
the  water  tank  must  be  distributed  to  prevent  noise.  It 
is  desirable  to  have  a  radiator  fan  driven  by  the  exhaust 
steam  from  the  engine.  If  the  fan  is  mechanically  driven 
from  the  engine  it  will  not  do  very  much  good  on  long 
hills  or  on  heavy  pulling  where  the  car  is  moved  slowly 
and  the  steam  consumption  is  large.  The  ordinary  ex- 
haust turbine  will  not  do  for  this  work  on  account  of  the 
constantly  changing  load.    If  the  turbine  nozzles  are  set 
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SO  that  the  turbine  will  run  at  average  road  speeds  and 
the  car  is  operated  at  higher  speeds  or  in  heavy  pulling, 
the  back-pressure  on  the  exhaust  line  will  be  so  high 
that  the  engine  power  will  be  materially  reduced.  If 
the  nozzle  area  is  set  to  keep  dovm  the  back-pressure, 
the  turbine  will  not  run  except  when  the  engine  is  operat- 
ing under  a  heavy  load.  We  have  experimented  with  an  ^ 
exhaust  actuated  turbine  which  is  provided  with  auto- ' 
matic  means  for  increasing  the  nozzle  area  as  the  volume 
of  steam  increases,  thereby  keeping  the  steam  velocity 
approximately  constant  irrespective  of  variation  in  steam 
volume. 

It  is  probably  not  generally  known  that  a  properly 
designed  automotive  steam  plant  using  steam  at  600-lb. 
pressure  and  700  deg.  fahr.  temperature  has  a  total  effi- 
ciency at  the  rear  wheels  of  about  15  per  cent  or  more. 
While  this  is  slightly  below  the  full-load  efficiency  of  the 
average  gasoline  car,  it  must  be  kept  in  mind  that  the 
efficiency  of  the  internal-combustion  engine  is  at  its 
maximum  only  at  full  engine  power.  This  is  not  true 
vnth  the  steam  engine,  in  which  the  efficiency  increases 
as  the  load  decreases.  Most  automobile  engines  run  at 
about  one-fourth  load  the  greater  part  of  the  time,  and 
under  this  condition  the  efficiency  of  the  steam  engine 
is  much  above  that  of  the  gas  engine  plant.  We  have 
obtained  from  12  to  15  miles  from  a  gallon  of  kerosene 
under  average  road  conditions  with  seven  passengers  in 
a  car  weighing  without  load  4200  lb. 

In  a  recent  test  this  car  ran  1325  miles  on  a  26-gal. 
tank  of  water,  or  about  53  miles  per  gal.  of  water.  The 
car  was  driven  at  speeds  of  25  to  35  m.p.h.  over  average 
St.  Louis  County,  Mo.,  roads,  and  averaged  slightly  over 
12  miles  per  gal.  of  kerosene.  The  temperature  of  water 
in  the  water  tank  at  the  end  of  a  long  run  is  130  deg. 

THE    DISCUSSION 

A  Member: — ^Regarding  the  nozzle,  what  pressure  is 
used  in  atomizing  the  oil? 

L.  L.  Scott: — ^We  use  35-lb.  pressure;  the  oil  will 
atomize  at  10  lb. 

A  Member: — ^What  diameter  has  the  hole  at  the  end 
of  the  nozzle? 

Mr.  Scott: — That  depends  upon  the  quantity  of  fuel 
we  wish  to  bum.    We  have  burned  as  high  as  70  lb.  per 
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hr.  In  that  case,  we  use  about  a  0.04-in.  nozzle  at  35-lb. 
pressure. 

E.  F.  Andrews: — Is  there  not  an  objection  to  using  an 
electric  motor  to  drive  the  water-pump  of  a  steam  auto- 
mobile? The  pump  requires  considerable  power  and  to 
transform  from  mechanical  into  electrical  energy  and 
back  again  is  rather  an  inefficient  means  of  driving. 
There  are  great  advantages,  unquestionably,  in  using  an 
electric  motor  to  drive  the  pump,  but  to  what  extent  do 
the  pump-driving  losses  offset  these  advantages? 

Mr.  Scott: — The  electric  drive  is  equally  as  efficient 
as  a  direct  drive  from  the  engine,  for  several  reasons. 
One  is  that  in  driving  water-pumps  from  the  engine 
energy  is  being  wasted  in  pumping  water  that  is  by- 
passed, because  the  engine  is  running  all  of  the  time  the 
car  is  running  and  water  is  being  pumped.  But  with  the 
electric  drive,  when  the  motor  is  running  all  of  the 
water  being  pumped  is  used;  none  of  it  is  by-passed. 
Further,  the  electric  motor  for  driving  the  water-pump, 
the  fuel-pump  and  the  air-blower,  in  the  normal-sized 
car,  takes  about  0.75  hp.  The  dynamo  and  the  motor 
each  have  a  compound  winding.  The  series  fields  of  the 
motor  and  dynamo  are  connected  in  series.  When  the 
fire  is  on  and  the  car  is  running,  the  dynamo  furnishes 
current  direct  to  the  motor;  there  is  no  loss  through  a 
storage  battery.  When  the  motor  cuts  off  automatically, 
due  to  high  steam  pressure,  the  dynamo  output  is  auto- 
matically cut  down  to  a  current  suitable  for  charging 
the  storage  battery  because  the  series  field  is  cut  out. 
The  electrical  unit  in  this  system  is  very  little,  if  any, 
larger  than  the  ordinary  dynamo  and  motor  used  on  a 
gasoline  car. 

A  Member: — Have  you  ever  used  any  other  means  than 
the  spark-plug  for  igniting  the  oil,  such  as  winding  leather 
with  nickel  wire,  bringing  it  to  an  incandescent  heat? 

Mr.  Scott: — No.  We  fgund  the  common  spark-plug 
very  satisfactory  and  have  never  had  occasion  to  use 
anything  else. 

A  Member: — Have  you  tried  that  to  avoid  sooting 
trouble? 

Mr.  Scott: — We  have  no  sooting  trouble. 

B.  F.  TiLLSON : — I  would  like  to  ask  Mr.  Scott  to  con- 
tribute for  publication  in  the  Transactions  some  more 
complete  engineering  tests,  in  regard  to  boiler  and  engine 
efficiencies  and  the  temperature  of  the  gases  leaving  this 
boiler.    These  would  form  a  basis  that  could  be  used  in 
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a  rough-and-ready  manner  in  checking  against  too  high 
efficiencies.  There  have  been  steam  cars  in  the  past  in 
which  the  engine  efficiencies,  as  noted  in  the  discussion  in 
the  Transactions,  did  not  check  up,  or  the  boiler  efficien- 
cies failed  to  check  up  with  the  temperature  of  the  leaving 
gases;  and  there  is  an  inevitable  amount  of  heat  lost. 
An  idea  of  the  fuel  pil  consumption  per  boiler  horse- 
power would  be  of  interest.  I  understood  that  the  rating 
of  the  boiler  is  500  lb.  of  steam  per  hr.,  from  and  at  212 
deg.  f  ahr.,  which  would  be  a  14.5-hp.  rating  of  the  boiler. 
Mr.  Scott  said  that  72  sq.  ft.  was  the  surface  of  the  boiler 
tubes. 

How  heavy  an  oil  has  been  used  successfully  by  a  me- 
chanical atomizing  burner  without  difficulty  in  clogging 
the  burner? 

W.  C.  Keys  : — ^What  is  the  composition  of  this  tube?  It 
is  nickel  steel,  I  take  it. 

C.  W.  Spicer: — The  paper  explains  what  happens  if 
too  large  a  proportion  of  fuel  is  supplied ;  but  what  hap- 
pens if  the  supply  of  fuel  is  inadequate?  There  are  ex- 
treme conditions ;  for  instance,  when  a  doctor  is  making 
calls  about  town  on  a  cold  windy  day,  his  car  stands  out 
in  a  blizzard  for  an  hour  or  more,  he  travels  perhaps  5 
min.  to  the  next  call  and  then  the  car  stands  another 
hour.  The  fuel  required  to  make  up  for  loss  from  radia- 
tion might  be  considerable  when  no  corresponding  amount 
of  steam  was  required.  How  clo  the  automatic  features 
meet  that  condition. 

Henri  G.  Chatain:— I  agree  with  Mr.  Scott's  state- 
ments to  such  an  extent  that  constructive  criticism  be- 
comes difficult  because  it  bears  largely  upon  details.  I 
believe  Mr.  Newcomb  first  worked  along  the  line  indicated 
in  about  1900,  and  did  not  recommend  the  system  of  direct 
proportioning  of  both  water  and  fuel  control  as  advocated 
at  present.  Do  these  proportions  remain  constant  in  actual 
operation  ?  If  not,  how  can  the  disproportioning  be  cor- 
rected so  as  to  preclude  the  possibility  of  a  too  cold  boiler, 
considering  that  the  amount  of  water  evaporated  per 
square  foot  is  not,  throughout  the  range  of  operations, 
proportional  to  the  fuel  burned?  With  the  system  of 
parallel  control  of  water  and  steam,  is  the  degree  of 
superheat  maintained  reasonably  well? 

Has  Mr.  Scott  made  investigations,  which  would  be  at 
all  conclusive,  leading  to  the  determination  of  what  per- 
centage of  the  boiler  tube  is  filled  with  water,  what  per- 
centage contains  steam  and  whether  this  varies  at  dif- 
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ferent  rates  of  output?  To  my  knowledge  none  of  the 
earlier  investigators  attempted  this  determination,  but 
it  would  be  aQ  excellent  thing  to  know,  so  that  in  design- 
ing a  boiler  one  could  preclude  the  possibility  of  having 
the  influence  of  gravity  bring  water  down  into  the  steam 
part  of  Ihe  coil,  thereby  raising  the  pressure  when  it  is 
not  wanted. 

In  the  particular  boiler  just  described,  what  is  the  cubic 
space  of  the  combustion  chamber,  or  has  the  cubic  space 
required  to  properly  burn  a  unit  of  fuel  been  determined? 
In  the  early  days  this  space  varied  considerably,  appar* 
ently  according  to  the  fancy  of  the  designer,  but  today 
there  seems  to  be  a  general  trend  toward  making  this 
space  considerably  larger. 

Has  the  make-and-break  plug  such  as  was  formerly 
manufactured  by  the  Bosch  company  and  used  with  the 
Honold  system  been  tried?  It  seems  to  me  that  this 
type  of  plug  offers  qualifications  for  this  particular  class 
of  work  which  would  be  far  superior  to  the  high-tension 
variety.  We  have  used  these  plugs  to  a  considerable 
extent  in  internal-combustion  engines  and  find  that  they 
are  much  more  reliable  under  sooty  conditions  than  the 
high-tension  plug.  Their  inability  to  function  at  extreme 
high  speeds  and  the  excessive  wear  of  both  the  "hammer" 
and  "anvil"  were  their  only  faults.  Used  for  the  ignition 
of  fuel  in  a  steam  automotive  system,  these  faults  would 
not  be  manifest  and  it  would  appear  that  their  qualifica- 
tions to  work  under  sooty  conditions  would  make  their 
use  highly  desirable. 

Summing  up  many  tests  which  we  have  made,  we  find 
that  the  maximum  evaporation  per  pound  of  fuel  is  from 
13  to  13^/^  lb.  and  this  was  obtained  when  an  evaporation 
of  approximately  7Vi  lb.  per  sq.  ft.  of  heating  surface 
was  effected.  A  superheat  of  100  to  200  deg.  fahr.  was 
maintained.  When  the  evaporation  was  forced  beyond 
this  point,  the  pounds  of  w&ter  evaporated  per  pound  of 
fuel  fell  below  13.  These  results,  which  no  doubt  Mr. 
Scott  has  attained  or  even  improved  upon,  when  consid- 
ered in  conjunction  with  his  statement  of  a  brake  horse- 
power for  12  lb.  of  water,  show  that  a  brake-horsepower- 
hour  can  be  obtained  yrith  the  steam  automotive  system 
for  something  less  than  1  lb.  of  fuel.  This  fact,  consid- 
ered with  the  better  efficiency  of  the  steam  engine  at 
fractional  loads,  makes  the  system  compare  favorably 
with  the  best  gasoline-engine  practice. 

Mr.  Scott: — In  regard  to  boiler  and  engine  tests,  it 
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will  be  out  of  the  question  to  go  into  detail  more  than  to 
say  that  in  our  boiler  the  efficiency  varies  from  75  to  85 
per  cent,  under  varying  loads  and  conditions,  and  the 
steam  consumption  of  the  engine  varies  from  12  to  15  lb. 
per  hp.hr.  The  temperature  of  the  gases,  the  stack  tem- 
perature, varies  from  250  to  300  deg.  as  was  stated. 

Regarding  the  gravity  of  the  oil  fuel,  while  we  have 
made  tests  in  our  laboratory  on  fuel  oil  and  gas  oil,  we 
have  never  used  those  in  the  car ;  we  have  used  only  com- 
mercial kerosene. 

The  question  about  burner  clogging  evidently  refers 
to  the  small  fuel  nozzle.  Where  the  fuel  is  properly 
screened,  we  have  no  more  trouble  in  that  respect  than 
with  the  ordinary  carbureter.  The  opening  is  equally  as 
large  as  that  in  the  carbureter  and  it  has  given  us  no 
trouble. 

With  regard  to  the  analysis  of  the  tubing,  we  have  used 
ordinary  3Vi  per  cent  nickel  tubing.  We  do  not  know 
that  it  is  any  better  than  ordinary  tubing.  As  I  have 
stated,  we  have  tried  boiler  coils  in  which  the  inner 
boiler  coil  was  calorized,  by  a  treatment  developed  by  the 
General  Electric  Co.  for  the  purpose  of  preventing 
oxidation  at  high  temperatures.  The  question  as  to 
whether  that  is  needed  is  still  undetermined.  If  so,  the 
cost  is  very  low. 

In  reference  to  the  fuel-water  ratio,  we  have  the  fuel 
slightly  in  excess  of  the  water.  The  ratio  in  our  boiler 
varies  between  1  to  10  and  1  to  13.  We  run  the  fuel 
slightly  in  excess  of  the  water  which,  under  extremely 
heavy  loads,  will  cause  the  temperature  to  sometimes 
reach  800  deg.  At  this  time  the  fuel  is  automatically 
cut  off  and  the  wat6r  continues  to  be  pumped  into  the 
boiler,  providing  the  steam  pressure  is  below  normal. 
Our  steam  pressure  and  temperature,  as  a  whole,  is  very 
steady  and  holds  very  well.  Under  light  driving  condi- 
tions when  starting  the  boiler  from  cold,  the  steam  tem- 
perature will  probably  be  500  deg.  fahr.;  after  5- 
min.  running  it  will  get  up  to  650,  700  or  750  deg.  and 
stay  there.  Under  very  heavy  loads,  it  will  sometimes 
get  as  high  as  800  deg.  and  cut  off.  We  have  no  trouble 
with  steam  at  this  temperature.  As  far  as  lubrication 
trouble  is  concerned  we  use  deflocculated  graphite,  and  our 
engine  is  a  poppet-valve  type,  which  is  suitable  for  high 
temperature. 

Mr.  Newcomb  worked  intermittently  on  the  steam 
automobile  from  1900  to  1908.    I  have  never  heard  Mr. 


Digitized 


by  Google 


STEAM  AUTOMOTIVE  SYSTEM  411 

Newcomb  say  that  he  did  not  advocate  the  system  that 
we  are  using  today.  This  system,  or  idea,  of  pumping 
water  and  fuel  in  definite  quantitative  relation  was  a 
fundamental  idea  of  Mr.  Newcomb's.  We  have  applied 
it  in  a  different  way ;  that  is,  we  have  an  electric  control 
and  an  electric  drive  for  the  fuel  and  water-pumps. 

We  have  never  experienced  any  trouble  in  having  too 
cold  a  boiler ;  if  the  fuel  line  is  stopped  up,  the  fuel  and 
water  ratio  will  change  and  the  steam  temperature  will 
be  lowered.  With  this  system  of  control  the  temperature 
of  the  steam  remains  within  100  deg.;  under  ordinary 
driving  conditions,  it  will  hold  very  closely  within  20  deg. 

Referring  to  the  portion  of  the  boiler  tube  that  is  filled 
with  water,  I  have  never  experimented  with  this.  From 
what  I  learned  from  Mr.  Newcomb  I  would  say  the  first 
and  second  outer  coils,  referring  to  the  illustration  in 
the  paper,  are  filled  with  water;  the  third  is  the  vaporiz- 
ing coil  and  a  part  of  the  fourth  is  the  super-heating  coil. 
The  thing  that  I  want  to  emphasize  particularly  concern- 
ing a  fire  of  the  atomized  type  is  the  size  of  the  combus- 
tion chamber.  The  point  was  raised  whether  there  is 
any  definite  size  or  figure.  With  a  fire  of  the  atomized 
type  it  is  necessary  to  have. a  considerably  larger  space 
in  which  to  burn  the  fuel  than  with  a  fire  of  the  vaporized 
type,  which  has  been  on  all  automobiles  of  the  past.  The 
reason  is  that  with  the  atomized  type  of  fire  the  fuel  is 
ultimately  vaporized  in  suspension. 

The  flow  of  water  by  gravity  from  one  coil  to  another 
is  prevented  by  the  boiler  connections.  The  water  enters 
the  bottom  of  the  outside  coil  and  flows  upward  to  the 
next  coil. 

We  have  not  tried  the  make-and-break  spark-plug  for 
the  reason  that  we  found  the  jump  spark  to  be  perfectly 
satisfactory  and.  were  satisfied  to  let  well  enough  alone. 
It  is  not  necessary  to  have  any  tight  joints  in  a  spark- 
plug in  this  system,  as  in  the  case  of  the* gas  engine, 
because  we  have  no  pressures  to  deal  with;  the  spark 
gap  can  be  considerably  larger,  because  we  are  not  work- 
ing against  any  pressure.  We  formerly  had  sooting 
trouble,  but  overcame  it  in  the  way  already  described. 

It  is  possible  to  evaporate  ISVg  lb.  of  water  with  1  lb. 
of  fuel  and  get  a  superheat  of  100  to  200  deg.  f ahr.  When 
we  overload  the  boiler  or  force  it  beyond  its  normal  work- 
ing condition,  the  ratio  may  change  to  as  low  as  1  lb.  of 
fuel  to  10  lb.  of  water.  This  ratio  will  change  slightly 
according  to  different  loads,  but  the  change  is  not  enough 
to  affect  the  situation  seriously. 
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PREIGNITION  AND  SPARK-PLUGS 

By  Stanwood  W  Sparrow* 

The  author  proposes  to  determine  what  features 
of  spark-plug  construction  cause  preignition  and  how 
this  preignition  manifests  itself.  To  this  end  observed 
conditions  on  an  Hispano-Suiza  aviation  engine  follow- 
ing 4  hr.  of  an  intended  6-hr.  run  are  reported, 
with  supplementary  tests  and  observations.  This  re- 
sulted in  experiments  made  to  determine  the  cause  of 
preignition,  using  spark-plugs  constructed  so  that  dif- 
ferent features  of  their  design  were  exaggerated.  Illus- 
trations of  these  plugs  are  shown  and  the  results  ob- 
tained from  their  tests  are  described.  The  different 
observed  peculiarities  are  then  stated,  analyzed  and  com- 
pared with  normal  spark-plug  performance.  The  ex- 
periments serve  as  a  means  of  identification  of  special 
forms  of  preignition  and  as  an  indication  of  the  ab- 
'  normally  high  temperatures  to  which  valves  and  com- 
bustion-chamber walls  are  thus,  subjected.  They  also 
serve  as  a  basis  for  predicting  the  performance  of  a 
given  design  of  spark-plug  or  for  designing  a  spark- 
plug to  meet  known  conditions. 

What  features  of  spark-plug  construction  cause  pre- 
ignition and  how  does  this  preignition  manifest  itself? 
These  two  questions  this  paper  proposes  to  answer. 
There  seems  to  be  no  better  way  of  describing  the  par- 
ticular phases  to  be  treated  than  to  tell  of  the  events 
that  led  us  to  undertake  the  work. 

After  about  4  hr.  of  what  was  intended  to  be  a  6-hr. 
test  of  a  180-hp.  Hispano-Suiza  aviation  engine,  the 
flame  from  one  of  the  exhaust  ports  was  noticed  to  be 
about  twice  its  usual  length  and  of  that  light-yellow  color 
which  usually  indicates  a  rich  mixture.  At  the  same  time 
the  power  of  the  engine  decreased  about  10  per  cent, 
vibration  was  much  increased  and  the  exhaust  valve 
appeared  to  be  extremely  hot.  The  engine  was  stopped 
and  inspected  as  thoroughly  as  possible  without  dis- 
mantling, but  except  that  the  spark-plugs  were  badly 
carbonized  no  trouble  was  found.  With  new  spark-plugs 
the  engine  not  only  completed  this  run,  but  made  several 
later  runs  without  any  recurrence  of  this  trouble.  It 
should  be  borne  in  mind  that  no  adjustments  had  been 
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made  of  mixture  ratio  or  throttle  during  the  4  hr.  prior 
to  the  appearance  of  this  long  yellow  flame  and  that  the 
engine  had  been  developing  about  140  hp.  during  this 
time.  Some  weeks  later  the  phenomena  again  appeared. 
Temperature  measurements  were  made  at  this  time  with 
a  thermocouple  inserted  in  one  of  the  spark-plug  holes. 
This  couple  showed  an  average  temperature  of  150  deg. 
cent.  (892  deg.  fahr.)  wtth  normal  operation  of  the 
engine  and  400  deg.  cent.  (752  deg.  fahr.)  with  preigni- 
tion.  The  couples  used  were  not  constructed  for  these 
tests  and  the  actual  temperatures  have  no  particular 
significance  as  they  are  temperatures  of  a  part  of  the 
cylinder  wall  thermaUy  insulated  from  the  jacket.  It 
is  the  relative  temperature  that  is  important,  noting 
that  at  the  time  the  flame  appeared  and  the  power 
decreased  the  temperature  was  much  greater  than  dur- 
ing normal  operation.  This  was  confirmed  by  the  fact 
that  when  the  engine  was  stopped  after  a  few  minutes 
operation,  the  exhaust  valve  in  a  cylinder  that  had  been 
preigniting  would  remain  red  for  nearly  a  minute  after 
the  valves  in  all  the  other  cylinders  had  become  black. 
Experiments  were  then  begun  to  determine  the  cause 
of  this  occurrence  and  the  results  of  this  work  are  here 
summarized. 

What  Is  Preignition 

Whenever  a  spark-plug  is  referred  to  in  this  paper  as 
causing  preignition,  it  is  the  effect  of  preignition  just 
described  that  is  meant,  the  long  yellow  flame,  engine 
vibration,  drop  in  power  and  extreme  heat.  The  first 
task  is  then  to  show  that  preignition  does  produce  this 
effect  and  to  define  just  what  is  meant  by  preignition. 
Although  preignition  is  quite  commonly  defined  as  "self- 
ignition  from  the  heat  of  compression,'*  in  this  case 
the  literal' meaning  of  the  word  has  been  more  closely 
adhered  to  and  it  has  been  called  ignition  from  any  cause 
before  the  proper  time,  or  the  time  of  ignition  which 
will  result  in  maximum  power  production.  It  was  not 
difficult  to  determine  that  preignition  would  cause  the 
above  noted  effects.  This  was  accomplished  experimentally 
by  setting  one  of  the  two  magnetos  successively  ahead  by 
15-deg.  steps,  with  the  high-tension  wire  from  this 
magneto  disconnected  from  all  but  one  cylinder.  This 
magneto  was  not  switched  in  until  the  engine  had  been 
brought  up  to  speed  on  the  other  set  of  plugs.  By  chang- 
ing the  wires  the  effect  of  the  advance  could  be  studied 
in  any  cylinder.    The  magnetos  are  set  for  an  advance 
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of  about  20  deg.  ordinarily  and  it  was  found  that  firing 
from  about  65  to  215  deg.  before  center  did  produce 
the  effects  I  have  described,  including  the  long  yellow 
flame.  The  intensity  of  the  flame  seemed  greatest  at 
an  advance  about  midway  between  these  two  points  and 
was  about  the  same  for  all  cylinders. 

It  is  evident  then  that  this  trouble  is  caused  by  pre- 
ignition.  It  remains  to  determine  just  how  the  spark- 
plugs cause  preignition.  The  line  of  investigation  fol- 
lowed was  to  construct  plugs  in  which  different  fea- 
tures were  exaggerated.  The  accompanying  sketches 
illustrate  some  of  these  plugs.  No  special  significance 
attaches  to  the  exact  shape  of  the  porcelain  or  the  shell. 
The  plugs  in  which  the  special  features  were  incorpo- 
rated were  of  two  types  that  have  been  used  with  satis- 
faction in  the  laboratory  and  in  actual  service;  and, 
since  both  would  produce  the  results  noted,  the  drawings 
have  been  made  to  show  approximately  the  average  pro- 
portions of  these  two  plugs. 

The  first  definite  indication  as  to  the  cause  of  the 
trouble  came  with  a  plug  having  the  so-called  petticoat 
tjrpe  of  porcelain,  the  lower  end  of  the  petticoat  in  this 
case  having  been  broken  off  so  that  it  rested  near  the 
center  electrode  in  about  the  position  shown  in  Fig.  2. 
This  plug  produced  preignition  when  used  successively 
in  four  different  cylinders.  Moreover,  removal  of  the 
piece  of  porcelain  broken  off  cured  the  trouble  and  its 
substitution  on  a  standard  one-piece  plug,  as  illustrated 
in  Fig.  2,  again  produced  it.  It  would  be  assumed  from 
this  that  either  the  porcelain  becomes  hot  and  fires  the 
incoming  charge,  or  that  it  is  instrumental  in  heating 
the  center  electrode  to  the  igniting  temperature.  A 
happy  accident  at  this  point  gave  considerable  aid.  The 
bit  of  porcelain  slipped  into  the  position  shown  in  Fig.  1, 
while  being  inserted  in  the  cylinder  and  in  that  position 
operated  without  preignition.  This  pointed  to  the  heat- 
ing of  the  center  electrode  as  being  the  root  of  the 
trouble,  even  though  this  heating  effect  be  of  no  great 
magnitude.  Further  experiments  have  supported  this 
supposition,  as  regards  both  the  cause  of  the  trouble  and 
the  narrow  range  existing  between  normal  operation  and 
preignition.  Thus,  the  plug  shown  in  Fig.  3,  with  a 
piece  of  porcelain  wedged  between  the  center  and  the 
side  electrodes  will  persistently  cause  trouble;  while  with 
the  piece  removed  the  plug  will  operate  satisfactorily. 
The  breaking  away  of  a  large  portion  of  the  porcelain 
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from  around  the  center  electrode  will  not  change  the 
operation  of  the  plug. 

If  a  plug  porcelain  be  cracked  as  shown  in  Fig.  4,  so 
that  the  break  can  be  detected  only  by  the  fact  that  the 
center  electrode  can  be  moved  with  the  finger,  preigni- 
tion  will  result.  If  now  the  porcelain  be  broken  away, 
leaving  the  center  electrode  bare  down  to  the  crack,  the 
plug  will  again  operate  without  trouble. 

Fig.  5  shows  a  plug  upon  the  center  electrode  of  which 
has  been  placed  a  metal  disk  of  about  5/16-in.  diameter 
and  7/64  in.  thick;  the  spark  jumping  the  annular  gap. 
The  plug  so  constructed  caused  preignition,  but  with  the 
disk  removed  or  with  one  side  of  the  disk  flattened  as 
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in  Fig.  6,  it  operated  normally.  Fig.  7  illustrates  another 
case  where  the  line  dividing  preignition  from  satisfac- 
tory operation  is  extremely  narrow.  The  plug  is  unusual 
only  in  the  respect  that  the  side  electrode  is  replaced 
by  a  circular  bushing  of  brass.  Several  were  made  leav- 
ing the  bushing  a  slip-fit  to  the  shell,  all  of  them  causing 
trouble,  while  others  having  the  bushing  a  drive-fit  to 
the  shell  operated  satisfactorily,  apparently  because  of 
the  better  heat  conduction  in  the  latter  case. 
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What  Causes  Preignition 

Thus  far  the  types  have  been  selected  that  were  of 
most  aid  in  fixing  the  cause  of  the  trouble.  That 
cause  is  an  overheated  center  electrode  which  preignites 
the  incoming  charge  and  soon  causes  continuous  burn- 
ing throughout  the  cycle,  extremely  high  average 
cylinder-temperature  and  loss  in  power.  Further  exami- 
nation of  the  distinctive  features  of  the  plugs  mentioned 
thus  far  shows  in  each  case  that  these  features  do  cause 
heating  of  the  center  electrode.    It  would  be  more  direct 
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to  say  that  they  prevent  the  cooling  of  the  center  elec- 
trode, through  preventing  its  free  contact  with  the  cool 
incoming  charge.  It  is  not  possible,  however,  to  state 
whether  the  trouble  produced  by  the  fracture  in  Fig.  4 
is  due  to  the  decrease  in  the  heat  conducted  away  by 
the  porcelain  or  to  the  free  access  given  to  the  hot  gases 
by  the  burning  away  of  the  cement  around  the  center 
electrode. 

It  is  of  interest  to  study  a  few  of  the  other  freak 
plugs  tried  in  this  series.  Fig.  8  shows  a  plug  with  the 
electrodes  flattened  nearly  to  a  knife-edge  without  pro- 
ducing trouble.  Fig.  9  shows  an  ordinary  plug  to  which 
has  been  added  a  loop  of  1/32-in.  steel  wire  extending 
into  the  cylinder  2  3/16  in.  from  the  shell.  Here  again, 
although  there  is  a  wire  that  doubtless  becomes  extremely 
hot,  the  fact  that  it  is  so  freely  exposed  to  the  incoming 
cool  gases  prevents  it  from  attaining  an  average  temper- 
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ature  which  is  sufficient  to  cause  preignition.  Fig.  10 
is  another  illustration  of  the  same  fact.  In  this  case 
a  section  of  a  porcelain  from  a  spark-plug  is  supported 
on  wires  extending  into  the  cylinder.  Again  tiiere  is 
no  preignition.  Metal  discs  fitted  on  electrodes  as  shown 
in  Figs.  11  and  12  cause  no  trouble. 

The  question  now  arises :  How  could  there  be  contin- 
uous burning  in  the  cylinder  throughout  the  cycle 
without  "popping  back"  in  the  carbureter?  The  expla- 
nation is  that  the  rate  of  flame  propagation  is  less  than 
the  velocity  of  the  incoming  charge,  when  the  engine 
operates  with  the  wide-open  throttle  at  a  speed  of  1800 
r.p.m.,  as  in  these  tests.  However,  when  preignition  was 
present,  if  the  engine  was  slowed  down  to  1400  r.p.m. 
"popping"  in  the  carbureter  would  appear. - 

To  prove  definitely  that  preignition  did  produce  this 
continuous  burning,  a  window  was  constructed  in  the 
inlet  manifold  so  that,  with  the  inlet  valve  open,  a  por- 
tion of  the  interior  of  the  cylinder  could  be  observed. 
With  a  plug  such  as  is  shown  in  Fig.  4,  a  small  section 
of  the  side  electrode  could  be  seen.  When  there  was 
'*popping"  in  the  carbureter  there  would  be  a  series  of 
flashes  visible  through  the  window,  but  with  the  pre- 
ignition at  the  speed  of  1800  r.p.m.  the  observed  phe- 
nomena were  of  continuous  and  rather  gradual  growth. 
Thus,  with  the  engine  operating  normally  everything 
would  appear  black;  then  the  electrode  would  in  turn 
become  brighter  and  soon  be  surrounded  by  a  small  spot 
of  reddish  flame.  As  soon  as  the  preignition  trouble 
became  pronounced,  all  of  the  cylinder  that  could  be 
observed  would  appear  to  be  filled  with  bright  yellow 
flame.  The  special  electrodes  shown  in  Fig.  18  caused 
preignition  and  were  of  sufficient  length  that  they  could 
be  easily  observed  through  the  window  in  the  manifold. 
At  about  1600  r.p.m.  and  80  per  cent  full  load  the  center 
electrode  would  be  seen  to  glow.  Under  these  conditions 
the  engine  would  operate  without  trouble,  but  with  a 
slight  increase  of  load  there  would  be  a  continuous  flame 
around  the  electrode  and  all  the  evidences  of  preignition, 
namely,  the  long  yellow  flame,  vibration,  drop  in  power 
and  excessive  heat  would  appear.  The  plug  shown  in 
Fig.  14  gave  no  trouble  itself,  but  when  used  in  a  cylin- 
der in  which  the  other  plug  was  one  that  caused  pre- 
ignition, the  nichrome  wire,  which  melts  at  a  tempera- 
ture of  1500  deg.  cent.  (2732  deg.  fahr.),  fused.  This 
is   several  hundred   degrees  higher  than  the  average 
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temperature  of  a  freely  exposed  wire  in  a  cylinder  under 
normal  conditions. 

Thus  far  these  remarks  have  been  confined  to  the 
"freak"  plugs.  The  question  now  arises  .as  to  why  the 
apparently  normal  plugs  gave  trouble.  While  most  plugs 
that  have  given  trouble  have  been  found  to  leak  around 
the  center  electrode,  by  no  means  all  the  plugs  that  leak 
here  give  trouble.  Of  twelve  plugs  known  to  have  caused 
preignition,  four  were  found  to  leak  badly;  while  of  the 
twelve  that  operated  satisfactorily  at  the  same  time, 
none  showed  excessive  leakage.  While  it  seems  reason- 
able that  a  leak  should  cause  higher  electrode  tempera- 
tures, the  leakage  in  the  above  mentioned  four  plugs 
seems  as  likely  to  have  been  the  effect  of  the  high  tem- 
peratures, as  that  it  was  the  cause  of  the  preignition. 
There  is  a  rather  remote  possibility  that  there  exists 
sufiicient  difference  in  the  heat  conductivity  of  different 
porcelains  to  alter  the  electrode  temperature  enough  to 
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bring  about  these  results.  It  seems  plausible  that  in 
many  cases  the  trouble  is  initiated  not  by  the  plug  itself 
but  by  bits  of  incandescent  carbon  or  other  hot  points 
within  the  cylinder.  The  design  of  the  plug  determines 
how  long  this  can  happen  before  the  plug  attains  a  suffi- 
ciently high  temperature  to  continue  the  preignition 
temperature  of  its  own  accord.  Another  point  that  tends 
to  show  this  is  that  some  cylinders  seem  more  prolific 
trouble-makers  than  others,  and  that  often  an  adjust- 
ment of  the  mixture  ratio  away  from  that  of  maximum 
power  will  prevent  the  trouble;  but  once  the  trouble 
appears  no  adjustment  will  cure  it. 

Discussion  of  Results 

These  then  are  the  outstanding  features  of  this 
comparatively  short  series  of  tests.  They  serve  as  a  means 
of  identification  of  this  form  of  preignition  and  as  an 
indication  of  the  abnormally  high  temperatures  to  which 
valves  and  combustion-chamber  walls  are  subjected  be- 
cause of  this  trouble.  Finally,  they  serve  as  a  basis  for 
predicting  the  performance  of  a  given  design  of  spark- 
plug or  for  designing  a  spark-plug  to  meet  known  condi- 
tions. Of  chief  importance  in  this  regard  is  the  fact 
that,  to  attain  cooling  of  a  spark-plug  element,  it  is  more 
effective  to  give  free  access  to  the  cooling  action  of  the 
incoming  charge  than  to  sacrifice  this  effect  to  protect 
the  element  from  the  hot  explosive  gases. 

The  contradictory  demands  made  upon  the  spark-plug 
are  realized.  Electrodes  must  be  run  hot  enough  to 
burn  clean  and  prevent  fouling  at  light  loads  and  at  the 
same  time  be  cool  enough  to  prevent  preignition  at  full 
load.  A  test  similar  to  this  suggests  itself  as  a  means 
for  proportioning  electrode  sizes.  It  is  to  design  the 
plug  so  that  each  electrode  will  just  produce  preignition 
trouble,  at  a  compression  ratio  slightly  higher  than  that 
with  which  the  plug  will  be  used.  Care  must  be  taken 
to  avoid  badly  carbonized  cylinders  or  anything  other 
than  the  spark-plug  that  might  cause  preignition.  It 
appears  that  in  many  cases  the  side  electrode  can  be 
made  smaller  and  still  be  less  likely  to  produce  preigni- 
tion than  the  center  electrode,  or  the  latter  could  be 
made  larger  and  still  maintain  a  factor  of  safety  against 
fouling  greater  than  that  of  the  side  electrode.  That, 
however,  is  the  problem  of  makers  and  users  of  spark- 
plugs.   It  is  as  a  supplement  to  their  own  experiments 
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and  as  a  suggestion  for  their  farther  efforts  that  these 
results  are  presented. 

THE    DISCUSSION 

Thomas  S.  Kemble: — In  1915  the  Curtiss  VX  engine 
was  developed  with  a  rather  high  compression-ratio  for 
the  sake  of  the  advantages  to  be  obtained  at  great  alti- 
tudes. Inspection  requirements,  however,  demanded  full- 
throttle  dynamometer  tests  of  considerable  duration  and 
preignition  developed.  This  was  reduced  to  passable 
dimensions  for  dynamometer  tests  by  reducing  the  com- 
pression somewhat  and  the  air  performance  was  very 
good  for  that  period.  Later,  the  volumetric  efficiency 
was  improved  to  such  an  extent  that  serious  preignition 
again  developed.  This  time  repeated  tests  demonstrated 
that  preignition  occurred  only  in  conjunction  with  leaky 
spark-plugs.  The  trouble  was  eliminated  by  using  gas- 
tight  plugs  only.  At  that  time  gas-tight  plugs  were  very 
difficult  to  obtain.  Since  then  the  situation  has  altered 
materially  through  the  cooperation  of  spark-plug  manu- 
facturers and  good  plugs  are  easily  obtainable.  An  inter- 
esting feature  developed  in  that  on  at  least  three  occa- 
sions a  hole  appeared  in  the  aluminum  intake  manifold 
near  one  of  the  intake  ports.  This  hole  looked  as  if  it  had 
been  caused  by  intense  heat.  We  had  been  unable  to  get 
these  engines  to  pop  back  through  the  carbureter  intake 
without  holding  one  of  the  intake  valves  well  open.  We 
therefore  attempted  to  explain  the  manifold  failure  as 
being  due  to  continuous  popping  back  which  failed  to 
reach  the  carbureter  intake.  In  view  of  Mr.  Sparrow's 
observations  through  the  intake  manifold,  I  am  con- 
vinced that  our  explanation  was  probably  the  correct  one. 

R.  Chauveau: — ^The  tests  we  made  during  the  war  on 
various  types  of  engines  confirmed  entirely  the  state- 
ments made  by  Mr.  Sparrow.  I  will  add  an  assumed  ex- 
planation of  the  causes  of  the  preignition.  In  the  spark- 
plug shown  in  Fig.  2  it  is,  to  my  mind,  due  to  the  fact 
that  there  is  an  opening  between  what  I  would  call  the 
inner  chamber  of  the  spark-plug  and  the  cylinder.  The 
volume  of  this  chamber  is  several  times  larger  than  the 
opening.  During  the  explosion  the  pressure  in  the  cham- 
ber is  raised  to  the  same  degree  as  the  pressure  in  the 
cylinder.  This  necessitates  the  passing  of  an  amount  of 
hot  gases  through  the  opening  into  the  chamber.  With 
these  gases  passing  through  a  small  opening  alongside 
the  electrode,  it  is  natural  to  assume  that  they  will  trans- 
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fer  a  certain  amount  of  heat  to  the  electrode  itself,  and 
this  amount  of  heat  is  proportional  to  the  speed  and  pres- 
sure of  the  gases. 

The  cooling  of  the  center  electrode  is,  in  my  opinion, 
effected  mainly  through  the  top  of  the  electrode  outride 
of  the  porcelain  and  only  to  a  very  small  extent  through 
incoming  gases  from  the  intake  valve.  That  theory  ex« 
plains  why  we  have  preignition  on  the  plug  shown  in 
Fig.  2  and  not  with  the  plug  shown  in  Fig.  1,  as  the 
opening  of  the  chamber  is  not  restricted  to  any  large 
extent.  This  theory  was  confirmed  by  another  type  of 
plug,  of  which  I  submit  a  sketch.    As  shown  in  Fig.  15,  it 
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would  consistently  cause  preignition.  By  drilling  four 
holes,  as  shown  in  Fig.  16,  in  the  shell,  we  would  deflect 
a  certain  amount  of  the  gases  from  the  annular  opening 
around  the  center  electrode  and  eliminate  the  preignition. 
The  .plug  shown  in  Fig.  3  in  Mr.  Sparrow's  paper  was 
claimed  to  cause  preignition.  This  can  be  explained  by 
the  fact  that  while  the  opening  is  not  restricted  as  much 
as  in  Fig.  2,  at  the  same  time  the  chamber  in  the  shell 
has  been  increased  150  to  200  per  cent,  so  that  the  pro- 
portion between  these  two  remains  about  the  same  and, 
in  addition,  a  larger  area  of  the  center  electrode  has  been 
exposed.  It  is  further  proved  in  Figs.  5  and  6  that  pre- 
ignition is  eliminated  by  increasing  the  opening  to  the 
chamber. 

In  conclusion,  I  would  say  that  we  have  found  the  open- 
type  plug  the  most  satisfactory,  and  that  the  larger  the 
center  electrode  is  the  less  is  the  danger  of  preignition, 
provided  the  free  end  which  extends  beyond  the  porcelain 
inside  the  shell  is  short. 

Another  advantage  in  running  the  electrode  as  cool  as 
possible,  accomplished  by  the  use  of  a  heavy  electrode,  is 
the  fact  that  it  will  cut  down  the  leakage  of  the  high- 
tension  current  and  provide  a  more  concentrated  spark. 
The  ground  electrode  is  not  likely  to  cause  preignition, 
in  conformity  with  Mr.  Sparrow's  statement.  It  is  pre- 
ferable always  to  use  the  single-ground  electrode  to  con- 
centrate the  high-tension  energy  in  one  strong  spark 
rather  than  distribute  it  among  a  number  of  weaker 
sparks.  The  single-ground  electrode  also  cuts  down  elec- 
trical leakage. 

In  designing  spark-plugs  for  aviation  engines,  I  have 
found,  however,  that  the  engineer  is  limited  as  long  as 
he  has  to  use  the  materials  now  available  for  spark-plugs, 
and  that  it  is  impossible  on  this  account  to  design  one 
plug  that  will  be  universally  good  for  all  types  of  en- 
gines. In  fact,  a  new  engine  and  an  older  one  of  the 
same  make,  type  and  construction,  require  as  a  rule 
differently  designed  plugs,  as  the  spark-plug  in  a  new 
engine  must  be  designed  for  high  temperatures  and  a 
small  amount  of  oil,  whereas  in  an  old  engine  the  spark- 
plug must  be  designed  for  lower  temperatures  but  for 
an  excess  of  oil.  It  is  only  in  rare  cases  that  these  two 
features  can  be  combined  into  one  spark-plug. 

S.  W.  Sparrow: — Spark-plug  leakage  would  be  very 
apt  to  produce  the  preignition  troubles  described  by  Mr. 
Kemble.    I  think  his  explanation  as  to  the  cause  of  the 
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hole  in  the  intake  manifold  is  undoubtedly  correct.  It  is 
a  pleasure  to  know  that  Mr.  Chauveau's  experience  con- 
firms so  completely  the  results  obtained  in  the  tests  at 
the  Bureau  of  Standards.  His  explanation  of  the  cause 
of  the  heating  of  the  center  electrode  is  of  decided  in- 
terest. I  feel  sure,  however,  that  when  an  electrode  is 
exposed  to  the  incoming  gases,  much  of  its  cooling  is  due 
to  the  heat  taken  from  the  electrode  to  vaporize  the  liquid 
fuel  or  oil  that  is  thrown  against  it. 


NEEDS  IN  ENGINE  DESIGN 
By  F  H  Trego^ 

The  author  advocates  the  use  of  the  fragile  alumi- 
num crankcase  as  a  spacer,  running  crankshaft  bear- 
ing bolts  clear  through  the  crankcase  and  the  cyl- 
inder base,  so  tieing  the  bearings  firmly  to  the  cast- 
iron  cylinder-block  and  using  the  through-bolts  also 
as  holding-down  studs  for  the  cylinders.  The  results 
of  experiments  on  six-cylinder  engines  with  reference 
to  the  satisfactory  utilization  of  engine  fuel  now  on 
the  market  are  then  presented.  The  problem  is  how 
to  carry  the  fuel  mixture  in  a  proper  gaseous  state 
from  the  carbureter  into  the  cylinder  without  having 
the  fuel  deposited  out  meanwhile.  The  power  devel- 
oped at  engine  speeds  of  400  to  2800  r.p.m.,  with  and 
without  hot  air  applied  to  the  carbureter,  is  tabulated, 
the  proper  location  of  the  intake  manifold  is  dis- 
cussed, and  the  necessary  features  of  a  satisfactory 
engine  to  utilize  present-day  fuel  are  summarized. 

I  think  it  can  safely  be  stated  that  present-day  engine 
designing  has  as  its  principal  problem  that  of  devising 
ways  and  means  for  utilizing  the  quality  of  the  fuel  now 
on  the  market  and  with  which  the  engine  must  operate  in 
a  satisfactory  manner.  Practically  speaking,  there  is  no 
choice  as  to  the  grade  of  fuel  employed. 

Through  Crankshaft  Bearing  Bolts 

The  older  engine  designers  have  all  had  sufiicient  expe- 
rience to  avoid  mistakes  in  laying  out  the  engine  and  its 
various  parts.  However,  from  the  experience  we  have 
had  with  aeronautic  engines  in  the  last  four  years,  I 
think  the  supporting  of  the  crankshaft  bearings  by  hang- 

.*  Vice-president  and  general  manager,  Trego  Moton  Corporation, 
New  Haven.  Conn. 


Digitized 


by  Google 


428  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEEBS 

ing  them  from  the  aluminum  crankcase  is  a  thing  of  the 
past  and  that  we  should  all  follow  the  practice  of  running 
the  crankshaft  bearing  bolts  clear  through  the  crank- 
case  and  the  cylinder  base,  using  them  also  as  holding- 
down  studs  for  the  cylinders.  The  bolts  should  be  in 
the  form  of  large-size  studs,  threaded  into  the  case  at 
the  lower  end  to  prevent  the  crankshaft  from  falling 
dov^  when  the  cylinders  are  removed.  The  effect  of  this 
method  of  support  is  to  use  the  fragile  aluminum  case 
as  a  spacer  and  to  tie  the  bearings  firmly  to  the  cast-iron 
cylinder-block,  which  is  much  stronger  and  stiffer  for  the 
purpose.  The  bearings  are  thus  held  firmly  in  line  and 
because  there  is  less  spring  in  the  support  they  wear 
much  longer  and  the  original  clearance  is  thereby  main- 
tained. 

Aside  from  this  item  I  wish  to  devote  this  paper  to 
the  fuel  problem  and  so  will  give  the  results  of  consid- 
erable experimenting  with  the  six-cylinder  engines  that 
we  have  recently  brought  out.  The  fuel  diflSculty  lies  in 
our  inability  to  supply  a  proper  mixture  to  the  cylinders 
at  low  speeds  with  full  throttle  or  at  moderate  speeds  and 
part  throttle.  I  refer  to  engine  speeds  corresponding  to 
car  speeds  of  from  5  to  15  m.p.h.  Condensation  takes 
place  in  the  intake  passages  on  the  way  to  the  cylinders; 
the  gas  failing  to  arrive  in  proper  condition  and  quantity 
to  give  even  running  on  all  cylinders  in  a  multiple-cylinder 
engine,  at  least  where  there  are  more  than  four  cylinders. 
The  problem  consists  of  carrying  the  mixture  in  a  proper 
gaseous  state  from  the  carbureter  into  the  cylinder  with- 
out having  the  fuel  deposited  out  on  the  way.  To  main- 
tain the  mixture  in  a  gaseous  state,  some  carbureter 
manufacturers  call  for  hot  air  delivered  to  the  carbureter 
intake;  but  if  this  is  accomplished  at  a  temperature  suffi- 
cient to  prevent  condensation  beyond  the  carbureter,  the 
loss  in  power  is  prohibitive  because  of  the  decrease  in 
volumetric  efficiency.  We  find  that  at  low  engine  speeds 
the  condensation  seems  to  be  aggravated  to  some  extent, 
under  certain  conditions  of  road  travel.  For  example, 
take  a  three-passenger  car,  weighing  3300  lb.  and  having 
a  gear  ratio  of  4  to  1  and  33-in.  wheels,  equipped  with  our 
own  engine,  which  is  an  L-head  type  with  a  .3V^-in.  bore, 
5-in.  stroke  and  a  1%-in.  carbureter.  Such  a  car  will, 
when  starting  at  20  m.p.h.,  go  over  the  top  of  a  grade 
rising  600  ft.  in  %-mile  at  a  speed  of  25  m.p.h.  without 
feeding  hot  air  into  the  carbureter;  while  by  making  no 
change  other  than  adding  hot  air  we  are  just  able  to 
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get  over  the  top  at  about  8  m.p.h.  On  maximum  speed 
tests  over  a  level  concrete  road  we  obtain  66  m.p.h.  with- 
out hot  air  and  56  m.p.h.  with  it. 

Application  op  Hot  Aik  to  Carbureter 

It  should  thus  be  evident  that  taking  hot  air  into  the 
carbureter  intake  to  overcome  condensation  is  not  good 
practice  and  some  other  means  must  be  found  to  prevent 
condensation  in  the  intake  passages.  Where  it  is  impos- 
sible, without  too  much  change  in  the  design,  to  apply 
heat  between  the  carbureter  and  its  cylinders,  a  change 
in  the  valve-timing  will  assist  greatly.  In  this  case  the 
intake  valve  on  a  six-cylinder  engine  should  be  closed 
15  deg.  after  bottom  center  and  not  at  80  deg.,  as  is  the 
usual  practice.  In  1918  I  found  this  to  be  of  great  benefit 
in  the  case  of  Packard  engines,  which  "loaded''  badly  on 
hills  at  low  speed  with  wide-open  throttle.  The  change 
in  valve-timing  eliminated  the  condensation  at  that  time, 
and  did  not  affect  the  maximum  speed.  We  were  still  able 
to  run  72  m.p.h.  with  the  model  48.  The  early  timing  is 
beyond  the  experimental  stage  and  has  become  standard 
practice  on  all  our  six-cylinder  models. 

This  timing  is  not  sufficient  to  prevent  the  condensation 
of  the  grades  of  fuel  which  are  now  generally  sold;  to 
obtain  adequate  performance  we  are  now  obliged  to  apply 
heat  to'  the  mixture  after  it  leaves  the  carbureter. 

The  following  table  gives  the  power  with  and  without 
hot  air,  other  conditions  being  the  same.  The  figures 
are  averages  of  three  runs  each  on  an  electric  dyna- 
mometer. 

Engine  Speed,       Power  Developed  Power  Developed 

r.p.m.  with  Hot  Air,  hp.       without  Hot  Air,  hp. 

-400  9.3  12.1 

600  13.2  18.7 

800  19.7  25.6 

1,000  26.1  32.7 

1,200  32.2  38.6 

1,400  39.4  44.8 

1,600  46.8  50.0 

1,800  51.3  55.3 

2,000  55.0  58.5 

2,200  55.5  61.0 

2,400  54.0  57.6 

2,600  52.0  56.5 

2,800  46.9  55.3 

The  low  speeds  would  have  been  even  worse  with  hot 
air,  if  they  had  been  maintained  for  some  time,  as  in  the 
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case  of  climbing  a  long  grade,  but  the  figures  shown  are 
probably  the  same  as  on  the  road  for  high  speeds. 

With  the  15-deg.  late  closing  of  the  intake  valve,  this 
six-cylinder  engine  performed  satisfactorily  on  the  road 
until  cold  weather  came  on,  but  we  then  found  that  the 
engine  would  jerk  badly  when  running  at  10  m.p.h.  with 
throttle  cracked  and  "load"  to  a  considerable  extent  on 
a  long  slow  pull  with  a  full  throttle. 

Location  op  Intake  Manifold 

The  entire  intake  manifold  of  the  engine  lies  within 
the  water-jacket  from  which  insufficient  heat  is  absorbed 
to  prevent  the  missing  of  the  cylinders  farthest  from 
the  carbureter.  Where  the  exhaust  ports  pass  over  the 
intake  manifold  "hot  spots"  are  formed;  but  the  heat 
from  these  proved  insufficient  for  the  purpose  and  a 
final  change  was  made  whereby  the  exhaust  manifold 
was  disposed  alongside  of  the  intake  manifold  for  its 
full  length.  The  result  was  that  the  jerking  or  missing 
entirely  disappeared  and  the  car  performance  on  the  road 
was  much  more  lively,  with  better  acceleration,  hill- 
climbing  and  low-speed  work  down  to  1  m.p.h.,  with  a 
loss  of  only  4  hp.,  due  to  decreased  volumetric  efficiency. 
This  small  sacrifice  was  more  than  compensated  for  by 
the  better  general  performance. 

Another  important  effect  of  the  heat  addition  was 
noted  in  the  good  performance  of  the  car  with  a  cold 
engine  and  without  the  use  of  a  choke  on  the  carbureter 
intake  or  other  device  to  enrich  the  gas  mixture.  Thus 
smoking  and  other  detrimental  effects  of  running  a  cold 
engine  with  a  rich  mixture  were  avoided.  In  completing 
the  experiments,  we  found  that  best  all-round  perform- 
ance was  obtained  by  admitting  just  enough  hot  air  to 
the  carbureter  to  warm  it  slightly. 

Care  should  by  all  means  be  taken  to  avoid  any  down 
grade  in  the  gas  passages  after  they  leave  the  carbureter, 
for  condensation  is  sure  to  take  place  with  low  vacuum 
unless  a  very  high  degree  of  heat  is  applied.  This  is, 
no  doubt,  the  reason  that  in  some  V-engines  raw  gaso- 
line goes  into  the  crankcase  past  the  pistons,  for  as  soon 
as  the  throttle  is  opened  the  raw  deposited  gasoline  runs 
into  the  cylinders  instead  of  being  drained  back  to  the 
carbureter. 

Careful  experimenting  should  be  carried  on  with  each 
new  engine  to  insure  that  the  intake  passages  are  as 
small  as  possible  without  the  loss  of  too  much  power  at 
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the  higher  speeds,  for  if  they  are  made  of  a  size  large 
enough  to  give  maximum  power  at  high  speed  they  will, 
under  average  running  conditions,  call  for  the  application 
of  much  heat  to  the  mixture  after  it  leaves  the  carbureter. 
On  the  six-cylinder  engine  above  mentioned  we  found 
that  a  minimum  diameter  of  1%  in.  was  required  for 
the  cored  passages,  which  were  naturally  more  or  less 
rough  on  the  inside.  The  compression  space  is  23.2  per 
cent  of  the  total  volume. 

To  sum  up,  the  necessary  features  of  a  satisfactory 
engine  with  present-day  fuel  are 

(1)  Closing  the  intake  valve  early 

(2)  Small  size  of  intake  passages 

(3)  Application  of  heat  to  the  mixture  after  it  leaves 
the  carbureter 

THE    DISCUSSION 

Thomas  S.  Kemble:— I  am  constrained  to  take  ex- 
ception to  Mr.  Trego's  deductions  regarding  the  practice 
of  running  crankshaft  bearing  bolts  clear  through  the 
crankcase  and  cylinder  base  and  using  them  as  holding- 
down  studs  for  the  cylinders.  This  practice  may  serve 
to  reinforce  a  fragile  crankcase,  but  it  often  causes  dis- 
tortion and  is  not  at  all  necessary  in  connection  with  a 
properly  designed  crankcase.  If  the  aluminum  crank- 
case is  extended  to  form  the  water-jackets  as  in  some 
of  the  best  aviation  engine  designs,  through-bolts  are  out 
of  the  question.  In  four  years'  experience  with  high- 
duty  aviation  engines  where  through-bolts  were  not  used, 
I  have  not  observed  a  single  instance  in  which  the  crank- 
shaft bearings  were  adversely  affected.  Some  of  the 
earlier  engines  with  individual  cylinders  developed  trou- 
ble in  the  crankcase  deck  due  to  lack  of  rigidity,  but 
this  was  completely  remedied  by  the  addition  of  very 
light  inexpensive  ribbing. 

In  the  matter  of  heat  application  to  improve  distribu- 
tion and  smooth  running,  we  are  still  unable  to  avoid 
some  reduction  of  volumetric  efficiency.  Exhaust  heat 
properly  applied  has  decided  advantages  over  the  old-style 
water-jacket  and  hot-air  intake.  Improved  operation 
with  early  closing  intake  valves  can  be  ascribed  to  the 
elimination  of  "blow  back"  into  the  manifold  at  low 
speeds. 

Mr.  Trego's  summing  up  certainly  is  another  indica- 
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tion  of  the  general  situation  that  we  are  unable  to  avoid 
reduction  of  volumetric  eflSciency.  Progress  along  this 
line  has  not  kept  pace  with  requirements  and  perfection 
is  not  yet  in  sight. 

H.  C.  Gibson:— The  attention  Mr.  Trego  has  called  to 
the  advantage  of  through-bolts,  tieing  the  crankshaft 
bearings  to  the  cylinders,  is  particularly  interesting.  I 
am  sure  that  for  all  classes  of  engine  the  chiefs  of  pro- 
duction departments  will  find  great  advantage  and  will 
readily  cooperate  with  engineers  in  the  general  introduc- 
tion of  this  direct  method  of  resisting  those  major  en- 
gine strains  through  dependable  economical  steel  rods, 
thus  placing  castings,  which  are  always  of  uncertain  de- 
pendability, under  compression  only.  It  is  a  comfortable 
thought  of  proved  value  in  practice,  and  should  be  carried 
to  the  extent  of  holding  down  removable  cylinder-heads 
by  the  same  bolts. 

Mr.  Trego's  paper  and  mine  are  surprisingly  opposed 
in  the  analyses  of  engine  needs  regarding  fuel;  hence  I 
must  suggest  some  reasons  for  the  astonishing  results 
of  tests  he  gives  and  for  one  of  his  recommendations 
which  appears  undesirable.  Taking  the  statement  of 
the  test  of  the  three-passenger  car,  I  note  that  its  speed 
was  reduced  from  25  to  8  m.p.h.  over  the  hill-top  when 
hot  air  was  fed  to  the  carburter,  no  other  change  of 
condition  having  been  made.  I  suggest  that  if  the  car- 
bureter were  adjustable  and  had  been  adjusted  coinci- 
dently  with  the  application  of  hot  air,  an  economy  of 
gasoline  and  at  least  equivalent  speed  would  have  re- 
sulted. It  is  worse  than  useless  to  turn  on  hot  air  to  a 
carbureter  set  for  cold  air,  because  the  heat  vaporizes 
more  of  the  fuel,  enriching  the  mixture  far  beyond  the 
proportion  which  will  give  maximum  power.  This  seems 
to  have  happened  in  the  case  Mr.  Trego  has  cited.  There 
is  no  other  reason  for  the  results,  which  are  contrary  to 
my  experience.  Even  excessive  temperature  of  the  air 
could  not  be  blamed  if  adjustment  were  neglected.  Will 
the  author  please  state  the  temperature  used? 

Mr.  Trego  is  evidently  strongly  in  favor  of  "volumetric 
efficiency  per  stroke."  Granting  that  hot  air  or  mani- 
fold mixture  heaters  do  reduce  such  efficiency  somewhat, 
I  fail  to  grasp  the  value  of  further  reduction  by  adopt- 
ing his  recommendations  of  small  sizes  of  intake  pas- 
sages. Logic  seems  to  indicate  that,  having  caused 
vaporization  through  heat,  we  do  not  need  the  high 
speeds  of  intake  gases  which  were  universally  used  in 
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the  trade  prior  to  the  date  when  makers,  finding  such 
methods  ineffective,  undertook  to  add  at  least  some  heat 
to  intake  gases.  Small  intake  passages  cause  loss  of 
volumetric  efficiency;  they  are  unnecessary  and  detri- 
mental when  the  gases  are  properly  heated. 

The  inlet  manifold  being  entirely  water-jacketed,  as 
Mr.  Trego  states,  no  doubt  causes  the  peculiar  happen- 
ings recorded.  My  company  has  lately  developed  the 
fact  that  5  cc.  of  the  lower-boiling-point  fraction  of  a 
common  engine  gasoline,  held  at  180  deg.  fahr.,  required 
5  min.  for  complete  evaporation ;  while  5  cc.  of  the  higher 
fraction  required  6  hr.  It  is  clear  from  this  that  water- 
jacketed  inlet  manifolds  should  be  avoided.  Such  jacket- 
ing will  nullify  or  offset  any  effort  made  to  evaporate 
gasoline  prior  to  entering  the  manifold,  and  will  destroy 
the  value  of  test  records  of  heating  methods. 

Mr.  Trego  brings  out  a  valuable  point  in  recommend- 
ing earlier  closing  of  the  inlet  port  when  using  heat. 
Later  closing  was  necessary  to  take  advantage  of  the 
cylinder-filling  ability  of  a  column  of  gases  traveling  at 
high  velocity;  with  decreased  velocity  earlier  closing  is 
an  advantage.  The  application  of  heat  to  the  mixture 
after  it  leaves  the  carbureter  is  a  correct  recommenda- 
tion. I  would  add  that  it  is  also  of  advantage  to  use 
heated  air  of  constant  temperature. 

F.  H.  TREGO: — I  appreciate  that  running  the  crank- 
shaft bearing  bolts  clear  through  is  impractical  when 
using  the  water-jackets  and  crankcase  in  one  piece;  but 
this  makes  a  very  unhandy  piece  in  the  manufacture  of 
commercial  engines,  and  my  paper  does  not  refer  to  the 
design  of  aeronautic  engines. 

The  principal  effect  of  the  long  bolts  for  the  bearings 
is  shown  in  the  slight  wear  of  the  bearings  as  against  the 
wear  when  the  bearings  are  held  in  the  crankcase  only, 
and  of  course  the  wear  will  be  less  if  the  crankcase  is 
heavy  and  heavily  ribbed;  but  we  are  all  anxious  to  get 
light  weight  in  our  passenger-car  engines  and  the  run- 
ning through  of  the  bearing  bolts  allows  a  very  light 
crankcase,  at  the  same  time  assuring  rigidity  and  long 
wear  on  the  bearings.  No  distortion  can  take  place 
through  the  use  of  the  bolts  if  the  vertical  ribs  at  each 
bearing  boss  are  extended  to  the  end  of  this  boss,  for 
then  the  boss  with  its  ribs  becomes  a  simple  spacer  and 
should  withstand  the  crushing  strain  of  the  bolts.  Run- 
ning 100  hr.  with  a  dynamometer,  at  speeds  from  1000 
to  3000  r.p.m.  while  making  power  curves,  developed  no 
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bearing  wear;  and  this  should  be  equal  to  about  40,000 
miles  at  40  m.p.h. 

The  application  of  heat  after  leaving  the  carbureter, 
even  to  the  extent  to  which  we  have  carried  it,  loses  but 
4  hp.  on  the  dynamometer  at  2600  r.p.m,  but  on  the  road 
the  car  was  even  faster  than  before  and  the  acceleration 
was  much  improved,  so  that  although  a  slight  loss  of  6 
per  cent  was  indicated  on  the  test  stand  it  did  not  show 
up  on  the  road. 

I  object  to  holding  down  the  cylinder-heads  with  the 
.crankshaft  bearing  bolts,  on  account  of  their  extreme 
length  if  used  for  this  purpose.  The  stretching  of  the 
bolts,  unless  they  are  very  heavy,  would  be  the  objection 
to  this  practice. 

On  the  speed  and  hill-climbing  tests  made  with  and 
without  hot  air  in  the  carbureter,  we  adjusted  the  car- 
bureter in  each  case  for  maximum  speed  and  acceleration, 
so  I  deduced  that  the  lack  of  heat  after  leaving  the  car- 
bureter allowed  condensation  in  the  intake  passages  be- 
tween there  and  the  cylinders,  thus  causing  the  loading 
which  of  course  killed  the  pulling  ability  of  the  engine 
on  the  grade. 

Regarding  the  size  of  intake  passages,  we  experi- 
mented with  1%,  1-7/16,  1%  and  1^-in.  sizes,  finding 
that  the  1%-in.  size  gave  the  best  all-around  results  and 
did  not  fall  below  65  hp.  on  the  3Vi  by  5-in.,  6-cylinder, 
L-head-type  engine.  Mr.  Gibson  may  not  call  1%  in. 
"small,"  and  therein  would  lie  his  disagreement  with  me 
on  this  matter,  but  our  object  was  to  keep  the  velocity 
as  high  as  possible  without  decreasing  volumetric  effi- 
ciency. 

I  agree  with  Mr.  Gibson  in  the  statement  that  we  would 
not  need  small  intake  passages  if  the  gases  were  prop- 
erly heated;  but  thus  far  I  have  been  unable  to  obtain 
sufficient  heat  to  reach  such  a  condition.  Our  engines 
run  exceptionally  cool,  but  we  find  a  jerking  at  about 
10  m.p.h.  with  light  throttle,  unless  the  heat  is  applied, 
and  even  though  the  entire  manifold,  if  at  least  as  small 
as  1%  in.,  is  within  the  water-jacket  except  along  one 
side,  which  is  exposed  to  the  exhaust  gases. 

The  early  closing  of  the  intake  valve  is  only  recom- 
mended in  six-cylinder  engines  when  one  carbureter  is 
used.  Closing  the  intake  much  later  than  15  deg.  is 
perfectly  practical  on  a  four-cylinder  engine,  or  on  a 
six-cylinder  engine  if  a  carbureter  is  used  for  each 
three  of  the  cylinders,  where  there  was  no  overlapping 
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of  the  suction  stroke  that  would  interfere  with  the -filling 
of  the  cylinders. 

Referring  to  the  size  of  intake  passages,  if  the  spark- 
plug is  placed  in  such  a  position  that  the  flame  propaga- 
tion has  an  equal  distance  to  travel  in  all  directions,  the 
compression  can  be  carried  higher  and  we  thus  get  the 
stronger  suction  which  will  pass  the  required  amount  of 
gas  even  though  the  intake  passage  is  small.  The  com- 
pression of  23.2.  per  cent  of  the  total  volume  is  carried 
on  both  the  L-head  and  the  I-head  engines;  no  ham- 
mering takes  place  in  the  L-head  engines,  such  as  would 
be  the  case  if  the  spark-plug  were  carried  over  one  of 
the  valves.  I  would  therefore  recommend  the  use  of 
high  compression,  proper  location  of  the  spark-plug, 
smaller  intake  passages  and  the  application  of  all  possi- 
ble heat  after  leaving  the  carbureter. 


ADAPTING  ENGINES  TO  THE  USE  OF 
AVAILABLE  FUELS 

By  J  G  Vincent* 

Some  of  the  salient  facts  regarding  the  character 
of  the  engine  fuel  marketed  within  the  past  few  years 
are  shown  in  accompanying  curves.  The  desirability 
of  operating  present-day  experimental  cars  with  fuel 
that  is  the  equivalent  of  fuel  that  will  probably  be 
generally  marketed  two  years  hence  is  stated  and  vari- 
ous methods  of  meeting  the  fuel  problem  are  then  exam- 
ined. A  dry  fuel  mixture  is  desired  to  prevent  spark- 
plug fouling,  to  improve  engine  performance  in  cold 
weather  and  to  minimize  lubricating  oil  contamination 
by  fuel  which  passes  the  pistons.  Various  methods  of 
obtaining  a  dry  mixture  are  then  discussed,  leading  to  a 
detailed  description  of  the  construction  and  operation 
of  a  device  specially  designed  to  accomplish  such  a  re- 
sult more  successfully.  In  principle,  this  takes  advan- 
tage of  the  difference  in  pressure  existing  on  either  side 
of  the  carbureter  butterfly-valve  and  causes  a  small 
amount  of  the  combustible  mixture  to  pass  through  a 
passage  parallel  with  the  main  carbureter  passage. 
This  mixture  is  then  burned  in  a  suitable  burner  and 
the  burnt  gases  allowed  to  mix  with  the  incoming  main 
supply  to  the  engine  above  the  throttle.  This  gives 
maximum  efficiency  under  low  throttle  and  light  load 
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conditions.  When  high  volumetric  efficiency  of  the  en- 
gine is  desired  under  wide-open  throttle  conditions,  very 
little  mixture  passes  through  this  shunt  passage  and  a 
negligible  amount  of  heat  is  produced  in  the  burner. 

Probably  the  most  absorbing  topic  today  in  the  auto- 
motive engineering  world  is  the  fuel  question.  This 
is  as  it  should  be,  for  it  is  essential  that  we  design 
engines  which  will  utilize  not  only  the  fuel  that  is 
being  sold  today  but  also  the  fuel  which  will  be  on  the 
market  two  or  more  years  hence.  There  has  hitherto 
been  an  entire  lack  of  cooperation  between  the  men  who 
determine  what  kind  of  fuel  is  to  be  marketed  and  the 
engineers  who  design  the  car  to  use  this  fuel.  This  is 
obviously  wrong.  It  is  time  that  we  devise  some  system 
which  will  insure  the  realization  of  the  entire  useful  life 
of  the  cars  we  are  designing  today,  rather  than  have 
them  discarded  or  run  under  adverse  conditions  when 
the  quality  of  the  fuel  deteriorates.  Furthermore,  we 
must  recognize  that  the  character  of  the  fuel  must 
change  if  the  automotive  industry  is  to  expand  in  the 
future  as  it  has  in  the  past.  The  petroleum  resources 
of  the  country  are  already  taxed  to  the  limit  to  supply 
sufiScient  gasoline  for  the  cars  now  in  use,  and  the  only 
apparent  way  in  which  this  fuel  supply  can  be  material^ 
increased  is  by  utilizing  some  of  the  heavier  fractions 
which  at  the  present  time  are  not  considered  fit  for  auto- 
motive use,  or  possibly  by  an  extension  of  the  various 
cracking  processes,  some  of  which  have  shown  consider- 
able promise. 

The  accompanying  curves  are  intended  to  bring  out 
some  of  the  salient  facts  in  regard  to  the  character  of  the 
fuel  marketed  in  the  past  few  years.  Of  course,  there  is 
no  one  quality  in  a  fuel  that  can  be  considered  by  itself  as 
controlling  its  suitability  for  automotive  use.  Only  three 
characteristics  which  are  of  special  interest  have  there- 
fore been  plotted,  although  many  additional  considera- 
tions are  to  be  borne  in  mind.  It  will  be  noted  that 
the  end-point  of  the  average  gasoline  has  been  rapidly 
ascending  in  the  last  four  years  and  is  now  but  little 
less  than  the  end-point  of  the  kerosene  of  today.  The 
gravity,  Baum6,  readings  are  slowly  descending  but  the 
initial  boiling  i)oint  has  not  undergone  much  change.  As 
long  as  this  latter  condition  holds  we  shall  not  have  much  . 
trouble  in  starting  engines  in  cold  weather,  but  the  use 
of  a  tight-fitting  choke  will  become  more  and  more  of 
a  factor  in  determining  how  quickly  the  engine  wiU  fire, 
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since  at  low  temperature  we  can  volatilize  only  the  lighter 
constituents  of  the  fuel,  and  as  the  percentage  of  these 
lighter  constituents  in  relation  to  the  whole  goes  down, 
we  must  get  a  larger  amount  of  gasoline  into  the  cylin- 
ders to  have  enough  of  the  lighter  constituents  to  start 
combustion. 

A  point  I  would  like  to  impress  upon  you  is  the  desira- 
bility of  having  our  experimental  cars  running  today 


•D  300 


200 


150 


100 


50. 


5; 


J. ..  Inifial  Boiling  Point 
<  ^    /fenosenef/s/ej 


OraviHj  BaumQ^ 


60 


55  ^ 
E 


& 


50. 


40 


igie 


\m 


1918  1919 

Years 


1920 


1921 


Vabzationb  in  Gasoliv^  teok  1916  TO  1919,  Inclusivb,  Based 
ON  Data  Obtained  rsoic  Gasounb  Purchased  in  Cabloads 


Digitized 


by  Google 


438  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEEBS 

on  a  fuel  that  will  be  the  equivalent  of  fuel  to  be  gen- 
erally marketed  tv^ro  years  hence.  Thus  far  lack  of  co- 
operation between  the  fuel  producers  and  refiners  and 
the  automotive  industry  has  prevented  a  forecast  of  fuel 
characteristics  such  as  to  enable  car  designers  to  design 
engines  to  handle  properly  the  fuel  available. 

Meeting  the  Fuel  Problem 

Let  us  now  examine  various  methods  of  meeting  the 
fuel  problem.  There  was  a  time  when  we  pointed  with 
pride  to  the  frost  on  a  bare  aluminum  intake  header, 
considering  this  a  very  desirable  symptom  indicating 
perfect  vaporization.  This  applied  when  we  were  deal- 
ing with  fuels  of  about  80  deg.,  Baum6,  which  vaporized 
under  the  conditions  obtaining  in  the  manifold  at  ordi- 
nary temperatures.  The  low  temperatures  produced  by 
this  vaporization  increased  the  volumetric  efficiency  of 
engines  very  materially  and  cold  headers  were  therefore 
looked  on  with  favor.  Thus  we  have  repeatedly  demon- 
strated on  Liberty  engines  that  500  hp.  or  more  can 
be  developed  by  one  of  these  engines,  which  normally 
will  give  about  420  hp.,  by  using  high-test  gasoline  and 
getting  the  mixture  into  the  cylinders  cold  enough.  But 
nowadays  we  are  dealing  with  fuels  which  refuse  to 
vaporize  at  ordinary  temperatures  in  the  header.  In  the 
course  of  some  experiments  with  glass  manifolds  I  found 
that  when  using  56-deg.  Baum6  gasoline  it  is  necessary 
to  put  the  mixture  into  the  cylinders  at  about  180  deg. 
fahr.  to  secure  a  perfectly  dry  mixture.  Of  course,  this 
is  going  to  the  extreme,  and  for  all  practical  purposes 
the  mixture  can  be  somewhat  wet  and  yet  the  engine  will 
function  properly.  We  will  therefore  assume  that  a 
mixture  temperature  of  120  deg.  fahr.  is  the  minimum 
to  be  used. 

I  would  like  to  state  some  of  the  reasons  why  the 
mixture  should  be  introduced  in  as  dry  a  condition  as 
possible.  From  the  standpoint  of  the  driver  the  item 
first  in  importance  is  that  of  spark-plug  fouling.  Re- 
peated experiments  have  shown  that  such  fouling  in  the 
great  majority  of  cases  is  not  due  to  over-oiling,  as 
commonly  supposed,  but  to  the  presence  of  wet  fuel  on 
the  plug,  which,  in  connection  with  the  small  amount  of 
carbon  that  is  formed  on  the  porcelain,  apparently  has 
the  property  of  making  the  surface  a  sufficiently  good 
conductor  to  enable  the  high-tension  current  to  leak  over 
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the  surface  of  the  porcelain  rather  than  jump  the  gap. 
Clean  oil  is  a  good  insulator,  and  when  a  plug  does  not 
fire  because  of  oil,  this  is  due  to  the  fact  that  the  oil 
acts  as  an  insulating  material  between  the  electrodes. 
If  the  mixture  is  introduced  into  the  cylinders  in  a 
dry  state  and  does  not  condense  afterward,  it  is  obvious 
that  no  wet  fuel  will  appear  on  the  porcelain.  Practical 
experience  of  many  months  on  several  cars  has  shown 
that  this  is  the  secret  of  preventing  spark-plug  fouling. 

Second  in  importance  to  the  driver  is  the  question  of 
performance  with  a  cold  engine.  I  believe  that  we  have 
all  had  the  experience  of  trying  to  drive  a  car  in  exces- 
sively cold  weather  with  the  engine  sputtering  and  cough- 
ing so  that  we  could  hardly  get  into  high  gear.  During 
the  past  few  years  we  have  used  thermostats,  water- 
jacketed  headers,  hot-spots  and  heated  air  intakes.  All 
these,  of  course,  help  the  situation  somewhat,  but  I 
believe  that  with  the  fuel  getting  worse  more  rapidly 
than  the  engine  is  improving  the  winter  operation  of 
cars  is  becoming  less  satisfactory  each  year. 

The  third  item  in  order  of  importance,  insofar  as  the 
owner  is  concerned,  is  the  contamination  of  the  lubricat- 
ing oil  by  fuel  which  passes  the  pistons.  This  is  a  serious 
problem,  for  few  owners  will  go  to  the  trouble  of  draining 
off  the  oil  at  compartively  short  intervals  in  winter. 
In  consequence  the  lubricating  system  soon  becomes  filled 
with  a  mixture  of  fuel  and  oil  of  little  or  no  lubricating 
value. 

There  are  many  minor  questions  involved  when  we 
try  to  distribute  and  bum  a  wet  mixture.  Many  have 
tried  numerous  types  of  intake  headers  to  find  which 
insures  the  nearest  approach  to  equally  proportioning 
the  air  and  gasoline  to  each  of  the  various  cylinders. 
We  are  often  using  gas  velocities  in  the  intake  header 
exceeding  100  m.p.h.  and  it  is  therefore  to  be  expected 
that  the  liquid  gasoline  will  separate  from  the  air  stream, 
due  to  its  greater  inertia.  Of  course,  when  the  gasoline 
is  turned  into  a  dry  gas  it  behaves  just  like  air  and 
takes  the  turns  nicely  along  with  the  air.  The  failure 
to  obtain  prompt  response  when  opening  the  throttle 
quickly  when  using  a  wet  mixture  is  also  undoubtedly 
due  to  the  fact  that  the  air  will  accelerate  more  quickly 
than  the  liquid  gasoline  particles,  with  the  result  that 
the  engine  either  "lies  down"  or  spits  back.  When  a 
dry  mixture  is  used  we  can  step  on  the  throttle  and 
get  instant  response.    The  more  finely  divided  the  gaso- 
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line,  the  better  the  engine  responds.  It  is  conceivable 
that  a  finely  atomized  mixture  of  liquid  gasoline  and  air 
can  be  made  to  perform  as  well  as  a  dry  mixture,  but  it 
is  one  thing  to  produce  a  finely  atomized  spray  of  gasoline 
and  another  to  maintain  the  gasoline  mist  in  this  condi- 
tion until  it  is  fired. 

Securing  a  Dry  Fuel  Mixture 

I  take  it  that  we  are  now  all  agreed  that  a  dry  mixture 
is  desired.  There  remain  to  be  examined  the  various 
methods  of  obtaining  this  result.  The  commonest  one 
now  employed  is  to  utilize  some  of  the  heat  contained  in 
the  exhaust  gases,  and  since  there  is  expelled  in  the 
exhaust  from  20  to  40  per  cent  of  the  heat  units  con- 
tained in  the  original  gasoline,  depending  upon  the  engine 
speed  and  other  considerations,  it  would  appear  that  this 
is  the  most  practical  and  economical  way  to  obtain  the 
result.  Theoretically  it  undoubtedly  is,  but  practically, 
in  some  cases,  the  method  presents  serious  objections. 
If  we  assume  that  the  intake  and  exhaust  manifolds  are 
in  some  manner  constructed  integrally,  it  is  obvious  that 
the  temperature  of  the  intake  walls  will  vary  in  propor- 
tion to  that  of  the  exhaust  walls.  This«  of  course,  means 
that  at  high  speed  and  under  heavy  load  the  walls  will 
be  very  much  hotter  than  at  low  speeds  and  light  loads. 
It  is  therefore  obvious  that  if  the  intake  header  is  suffi- 
ciently hot  to  do  the  job  at  low  speeds  and  light'  loads, 
it  will  be  altogether  too  hot  at  high  speeds  and  heavy 
loads  to  obtain  the  maximum  volumetric  efficiency  of 
the  engine.  Of  course,  there  are  many  cases  where  a 
high  volumetric  efficiency  under  heavy  loads  or  at  high 
speeds  is  not  essential,  so  that  this  solution  gives  pretty 
fair  results.  We  are  all,  however,  striving  to  get  the 
most  power  possible  out  of  the  least  engine,  and  it  cer- 
tainly hurts  to  cut  10  or  20  per  cent  off  the  maximum 
output  of  the  engine  to  insure  a  dry  mixture  at  low 
throttle  and  light  loads. 

Then  again  there  are  various  compromise  schemes 
most  of  which  are  based  on  the  theory  that  it  is  possible 
to  locate  a  very  hot  spot  at  such  a  point  that  the  heavy 
particles  of  the  fuel  will  be  thrown  against  this  surface 
and  vaporized,  whereas  the  air  and  the  lighter  particles 
will  be  diverted  from  the  hot-spot  by  the  particular 
design  of  the  header.  This  would  be  fine  if  it  were 
possible  to  get  the  hot-spot  hot  enough  under  low  throttle 
conditions.    It  is  undoubtedly  a  good  compromise  scheme 
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and  does  not  detract  from  the  volumetric  efficiency  of 
the  engine  to  the  extent  that  the  regular  exhaust-jacketed 
job  does.  * 

We  now  come  to  electrical  means  of  supplying  the 
heat  necessary  for  vaporization.  To  illustrate  the  im- 
practicability of  this  solution  let  us  make  a  few  assump- 
tions which  will  represent  a  hypothetical  case.  What  we 
want  to  find  out  is  how  much  heat  it  is  necessary  to 
supply  to  a  header  to  insure  a  reasonably  dry  mixture 
under  average  driving  conditions.  AssUme  an  hourly 
gasoline  consumption  of  about  2  gal.  or  about  12  ^^  lb. 
Assume  that  this  gasoline  is  of  56-deg.  Baum6  gravity 
and  that  its  latent  heat  of  vaporization  is  150  B.t.u.  per 
lb.,  this  figure  varying  according  to  different  authorities^ 
and  the  pressure  under  which  vaporization  takes  place 
but  being  sufficiently  accurate  for  our  purpose.  Assume 
an  air  temperature  of  40  deg.  f  ahr.  and  that  it  is  neces- 
sary to  put  the  mixture  into  the  cylinders  at  120  deg. 
fahr.,  which  is  far  from  being  a  dry  mixture,  but  ex- 
perience has  shown  that  this  is  sufficiently  dry  to  elimi- 
nate most  of  the  troubles  which  I  have  enumerated. 
Assume  also  a  rather  rich  mixture,  say  about  13  to  1; 
this  will  give  us  about  162  lb.  of  air  to  combine  with 
the  12^  lb.  of  gasoline.  The  specific  heat  of  air  is 
0.1689  and  of  gasoline  0.51,  so  that  to  raise  the  gasoline 
and  air  from  40  to  120  deg.  f ahr.  and  completely  vapoi^ize 
the  fuel  requires: 

B.t.u. 

Latent  heat  of  12J^  lb.  of  gajsoline 1,875 

Heat  to  raise  162  lb.  of  air  80  deg.  fahr 2,189 

Heat  to  raise  gasoline  80  deg.  fanr 510 

Total   4,574 

To  supply  4574  B.t.u.  per  hr.  electrically  is  equivalent 
to  the  consumption  of  about  1.34  kw.  per  hr.  which  in 
turn  would  be  represented  by  a  current  consumption  of 
228  amp.  at  6  volts.  These  calculations  of  current  con- 
sumption, of  course,  assume  100  per  cent  efficiency  on  the 
part  of  the  electrical  heating  system  which,  obviously,  it 
would  be  impossible  to  attain.  It  will  therefore  be  seen 
that  the  electrical  solution  does  not  appear  very  promis- 
ing in  view  of  the  high  current  required.  It  is  also 
evident  that  this  heat  cannot  be  supplied  to  the  intake 
header  by  the  circulating  water  unless  a  header  be  de- 
signed with  a  great  deal  of  radiating  surface  in  contact 
with  the  water,  and  even  this  would  give  very  slow 
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heating-up  conditions  although  a  thermostat  were  em- 
ployed. 

Another  Solution  op  the  Problem 

It  was  these  various  considerations  that  led  me  to  look 
elsewhere  for  a  solution  of  the  problem.  It  appeared 
desirable  to  evolve  some  simple  inherently  automatic 
method  of  supplying  the  heat,  not  possessing  any  of  the 
disadvantages  cited  above.  It  was  shown  that  about  4574 
B.t.u.  per  hr.  would  represent  an  average  requirement. 
Assuming  that  there  are  19,000  B.t.u.  in  1  lb.  of  gasoline, 
it  will  be  seen  that  we  could  secure  the  necessary  heat 
from  the  complete  combustion  of  0.24  lb.  of  gasoline  per 
hr.,  providing  we  could  attain  a  100  per  cent  heat  trans- 
fer. We  do  not,  of  course,  obtain  100  per  cent  efficiency 
with  the  scheme  I  am  going  to  describe,  but  I  believe 
that  from  a  thermal  standpoint  you  will  agree  that  it  is 
a  very  efficient  arrangement  or  one  representing  really 
small  heat  losses.  The  principle  of  this  device  is  to  take 
advantage  of  the  difference  in  pressure  existing  on  either 
side  of  the  carbureter  butterfiy-valve  and  cause  a  small 
amount  of  the  combustible  mixture  to  pass  through  a 
passage  which  is  in  parallel  with  the  main  carbureter 
passage,  burn  this  mixture  in  a  suitable  burner  and  then 
allow  the  burnt  gases  to  mix  with  the  incoming  main 
supply  to  the  engine  above  the  throttle.  It  was  evident 
immediately  that  this  general  scheme  would  be  at  its 
maximum  efficiency  under  low  throttle  and  light-load 
conditions;  an  intense  heat  is  generated  very  promptly 
under  these  conditions,  which  are  obtained  when  starting 
up  and  idling.  On  the  other  hand,  under  wide-open 
throttle  conditions,  when  we  wish  to  maintain  the  volu- 
metric efficiency  of  the  engine  as  high  as  possible,  but 
very  little  mixture  passes  through  this  "shunt"  passage 
and  a  negligible  amount  of  heat  is  produced  in  the 
burner.  Of  course,  the  reason  that  the  mixture  need 
not  be  heated  for  wide-open  throttle  conditions  is  that 
combustion  is  largely  assisted  by  the  increased  turbu- 
lence, increased  compression  pressures  and  naturally 
higher  jacket-water  temperature. 

There  are  four  main  units  which  combine  to  give  the 
desired  result.     They  are  briefly  as  follows: 

(1)  A  special  inlet  manifold  which  has  a  water-jacket 
as  well  as  a  combustion  jacket 

(2)  A    burner   which    is    attached   to   the   combustion 
jacket 
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(8)  A  vaporizer  or  miniature  carbureter  which  is  used 

to  furnish  the  mixture  for  the  burner 
(4)  An  auxiliary  ignition  breaker  and  coil  which  is 

used  to  furnish  the  spark  for  the  burner  spark-plug 

The  manifold  as  shown  on  the  accompanying  drawing 
is  of  the  conventional  construction  except  for  the  addi- 
tional jacket  used  for  the  hot  gas  which  communicates 
with  the  main  intake  passage  through  the  two  hollow 
"suction"  plugs  shown  at  a.  The  burnt  gas  joins  the 
main  mixture  after  coming  through  these  holes  and  the 
proportions  are  such  that  at  no  time  does  the  burnt  gas 
come  into  contact  with  the  new  mixture  at  a  sufficiently 
high  temperature  to  preignite  the  mixture. 

The  burner  body  is  fastened  to  the  manifold  by  the 
two-bolt  flange  shown,  and  in  the  burner  body  there  is 
formed  a  combustion  chamber  into  which  a  spark-plug 
fitted  with  a  wide  gap  is  inserted,  as  well  as  an  observa- 
tion window  of  heat-resisting  glass  which  permits  the 
action  of  the  burner  to  be  observed  at  all  times.  The 
mixture  from  the  vaporizer  is  supplied  by  a  %-in.  copper 
pipe  and  enters  the  combustion  chamber  after  passing 
through  a  calibrated  hole  in  the  elbow  shown  at  6  on 
top  of  the  burner  and  a  screen  c.  The  purpose  of  the 
latter  is  to  assist  in  the  atomization  and  even  distribu- 
tion of  the  incoming  mixture.  The  mixture  is  supplied 
by  the  vaporizer  shovni  at  rf,  which  is  composed  of  four 
main  parts,  the  choke  e,  the  jet  /,  the  jet  sleeve  g  and 
the  air  intake  h.  This  vaporizer  is  intended  to  function 
as  a  carbureter  through  a  limited  range  of  depressions. 
It  is  constructed  on  the  general  principles  embodied  in 
several  different  types  of  plain-tube  carbureters  and  relies 
on  the  fact  that  a  submerged  jet  exposed  to  atmospheric, 
pressure  will  feed  a  fixed  quantity  of  fuel,  and  that  by' 
suitable  control  of  the  depression  over  this  jet  the  flow 
of  fuel  can  be  accelerated  in  just  the  degree  required  for 
an  increasing  suction  and  supply  of  air.  Accordingly  the 
level  of  gasoline  in  the  sleeve  g  rises  and  falls  as  the 
suction  in  the  venturi  e  decreases  or  increases.  Control 
of  the  mixture  supplied  by  this  miniature  carbureter  to 
meet  various  temperature  changes  and  starting  condi- 
tions is  attained  by  the  simple  means  of  coupling  the  air 
intake  k  to  sl  pipe  i  which  takes  its  air  from  the  auxiliary 
air  supply  of  the  carbureter,  as  shown. 

In  connection  with  the  air-valve  type  of  carbureter 
around  which  this  device  has  been  designed  there  is  a 


Digitized 


by  Google 


ADAFHNG  ENGINES  TO  AYAILABUS  FUELS  446 

dash  adjustment  that  permits  the  driver  to  control  the 
depression  existing  in  the  auxiliary  air  supply  passage  so 
that  when  starting  out  on  a  cold  day  both  the  main  and 
the  auxiliary  carbureters  can  be  made  to  supply  a  richer 
mixture  simultaneously  by  means  of  the  dash  adjustment. 
The  high-tension  current  for  the  burner  spark-plug  is 
supplied  by  an  independent  igilition  coil,  the  primary 
circuit  of  which  is  wired  in  parallel  with  the  regular 
ignition  circuit;  the  extra  coil  is  controlled  by  a  separate 
contact-breaker.  The  latter  is  operated  by  the  same  cam 
as  the  regular  engine  ignition  contact-breaker.  It  will 
thus  be  seen  that  the  burner  spark-plug  is  operating 
whenever  the  engine  ignition  is  operating,  and  in  the 
case  of  the  twelve-cylinder  engine  there  are  three  sparks 
in  the  burner  per  revolution  of  the  engine.  I  have  not 
found  it  advisable  to  cut  off  this  spark  or  control  it  in 
any  way,  since  except  for  the  small  amount  of  current 
used  by  the  extra  coil  there  appears  to  be  no  disadvantage 
in  allowing  it  to  operate  continuously. 

How  THE  Device  Operates 

In  actual  operation,  when  the  engine  is  idling,  combus- 
tion takes  place  in  the  burner  silently  and  continuously 
and  a  bluish-green  flame  completely  fills  the  combustion 
chamber.  This  flame  diminishes  in  intensity  as  the 
throttle  is  opened  and  the  depression  in  the  main  intake 
header  is  thereby  decreased,  the  general  result  being 
that  for  ordinary  driving  conditions  up  to  25  m.p.h.  a 
mixture  temperature  of  150  to  180  deg.  fahr.  is  main- 
tained, giving  perfect  distribution,  excellent  acceleration, 
absence  of  spark-plug  fouling  and  elimination  of  dilution 
of  the  lubricant  in  the  crankcase.  At  higher  speeds  and 
wider  throttle  opening  the  influence  of  the  combustion 
heater  gradually  decreases  until  at  wide-open  throttle  it 
is  practically  out  of  action,  which  is  exactly  the  condition 
desired.  This  combination  has  permitted  the  running  of 
a  twelve-cylinder  engine  on  kerosene  at  moderate  driving 
speeds  with  practically  the  same  results  as  when  using 
gasoline,  but  when  using  kerosene  there  are  critical  tem- 
peratures below  which  we  cannot  go  without  considerable 
spark  knock.  The  problem  of  burning  kerosene  is,  of 
course,  something  that  we  do  not  yet  face,  but  the  design 
of  this  heater  can  be  modified  to  permit  any  shape  of 
temperature-load  curve  desired.  The  combustion  heater 
as  at  present  constructed  does  not  permit  us  to  start  on 
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kerosene,  but  simple  modifications  would  peirmit  this  to 
be  accomplished. 

One  question  that  naturally  arises  is:  What  effect  has 
the  combustion  heater  on  gasoline  economy?  I  have  con- 
ducted a  great  many  experiments  in  an  endeavor  to 
answer  this  question.  A  series  of  tests  was  made  on  the 
dynamometer,  the  results  of  which  are  shown  in  the 
accompanying  table.  In  these  tests  the  gasoline  con- 
sumption of  the  engine  and  of  the  burner  were  measured 
separately.  It  will  be  noted  that  the  consumption  of  the 
burner,  when  idling,  was  0.066  gal.  per  hr.  This  is  slightly 
over  %  pint  per  hr.     It  will  also  be  noted  that  under 

GASOLINE    CONSUMPTION    OP    A    3    BY    5-IN.    TWELVE-CYUNDER 
ENGINE  USING  COMBUSTION  HEATER 
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350 
400* 
800* 
1,200* 
1,600* 
1,600 
1,600 


it 


Idle 
9.5 
19.1 
28.6 
38.2 
38.2 
38.2 


2.33 
5.07 
10.00 
16.53 
32.00 
63.00 


Gas  Consump- 
tion, GAL.  PER 


Engine 


1.02 
1.32 
1.80 
2.40 
3.30 
4.27 
7.20 


Burner 


0.066 
0.054 
0.054 
0.066 
0.114 
0.102 
0.060 


PQ 


0.064 
0.041 
0.030 
0.027 
0.035 
0.024 
0.008 


218 
210 
200 
187 
156 
150 
146 


*Aasumed  average  driving  conditions. 


average  driving  conditions  the  engine  fitted  with  a  con?- 
bustion  heater  may  consume  approximately  8  per  cent 
more  than  one  without  the  heater,  but  it  is  possible  to 
save  a  considerable  amount  of  gasoline  under  such  driv- 
ing conditions  as  call  for  frequent  accelerating,  owing 
to  the  improved  performance  obtained  with  a  dry  mix- 
ture. In  cold  weather  and  even  in  hot  weather  it  is 
possible  to  run  with  a  much  leaner  mixture  when  the 
mixture  is  dry,  and  this  will  more  than  offset  the  slight 
amount  of  gasoline  which  the  burner  uses.  I  believe  that 
taking  an  average  over  city  and  country  mileage  there 
will  be  little,  if  any,  difference  in  the  matter  of  gasoline 
consumption  in  moderate  weather  between  a  car  fitted 
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with  a  combustion  heater  and  one  not  so  equipped,  but 
that  there  will  be  a  noteworthy  saving:  in  cold  weather. 

In  conclusion,  I  would  say  that  it  has  been  demon- 
strated that,  in  addition  to  its  other  advantages,  this 
device  will  appeal  to  both  the  careless  driver  who  omits 
to  change  the  engine  oil  frequently  in  winter  and  the 
careful  driver  who  has  hitherto  taken  this  necessary 
precaution.  In  the  first  case  it  will  serve  to  prevent 
damage  to  the  engine,  which  is  the  result  of  the  poor 
lubricating  qualities  of  a  mixture  of  fuel  and  oil,  and 
in  the  second  case  it  will  materially  reduce  cost  of  opera- 
tion. 

THE    DISCUSSION 

H.  M.  Crane: — My  first  impression  was  that  we  had 
here  another  cylinder  added  to  a  crankcase  that  was  al- 
ready somewhat  overcrowded.  That  is  not  entirely  a  hum- 
orous conception.  The  necessity  for  devices  of  this  kind 
is  a  function  of  how  good  the  inlet  manifold  itself  may  be, 
combined  with  the  carbureter  or  vaporizer.  Our  experi- 
ence through  a  great  many  years  has  indicated  that  an 
inlet  manifold  which  does  not  continue  in  an  upward 
course  practically  the  whole  way  from  the  carbureter  to 
the  cylinders  is  a  far  more  difficult  proposition  to  handle 
than  one  in  which  such  a  condition  holds.  The  reason  is 
quite  plain;  we  have  the  effect  of  gravity  working  on  the 
heavy  fuel,  which  is  almost  always  present  as  a  liquid  in 
the  mixture,  in  addition  to  the  effect  of  the  air-stream. 
If  we  have  a  sufficient  air-stream  to  carry  the  liquid  fuel, 
the  distribution  is  relatively  easy.  The  minute  the  air- 
stream  falls  to  such  a  slow  speed  that  other  elements 
enter,  the  distribution  is  almost  impossible,  but  by  get- 
ting an  ascent  of  the  mixture  from  the  carbureter  to  the 
engine  the  gravity  interferes  less  with  the  air-stream. 

On  the  other  hand,  I  think  that  the  device  described 
is  a  very  interesting  example  of  the  conception  that  the 
way  to  warm  up  an  engine  is  to  use  a  little  fuel  especially 
for  that  purpose,  rather  than  to  use  the  whole  engine 
itself  as  a  heater.  I  think  that  there  is  no  question  that 
we  can  get  the  results  far  more  economically  in  the  way 
that  is  shovni  in  the  paper,  than  we  possibly  can  by  any 
system  which  involves  operating  the  engine  until  various 
parts  of  it  become  warm  enough  to  do  the  work.  The 
only  thing  that  is  apt  to  be  complicated  by  a  device  of 
this  kind  is  the  idling  condition  of  the  engine.  We  all 
know  that  to  idle  an  engine  properly,  where  the  inlet 
manifold  will  show  nearly  20   in.   depression   of  mer-' 
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cury,  the  slightest  leak  in  any  place  is  almost  certain 
to  upset  the  conditions,  and  here  we  have  a  continuous 
leak  of  burnt  gas  into  the  manifold,  practically  past  the 
throttle,  which  is  certain  to  make  the  idling  situation 
more  difficult  than  it  already  is.  It  is  possible,  of  course, 
that  the  addition  of  the  esctra  heat  will  tend  to  overcome 
the  conditions  raised  by  the  very  heavy  fuels  which  do 
not  vaporize  well  at  the  slower  speed,  i.e.,  the  air  speed, 
that  obtains  under  idling  conditions.  There  is  no  ques- 
tion either,  from  the  layout  of  this  drawing,  that  the 
device  has  been  very  carefully  worked  out  and  applied 
in  a  way  that  is  probably  about  as  near  correct  as  is 
possible  on  this  particular  job. 

R.  W.  A.  Brewer: — In  one  part  of  his  paper  Mr.  Vin- 
cent says  that  he  wants  to  get  100  per  cent  of  heat  trans- 
ference from  the  heating  means  to  the  fuel  and  air- 
stream.  I  rather  wonder  why  he  did  not  buhi  the  fuel 
inside  the  air-stream  instead  of  outside.  That  has  been 
done  in  many  cases.  I  recall  the  work  that  was  done  by 
the  Commercial  Gars,  Ltd.,  of  London,  for  example,  about 
1913,  where  a  very  crude  attempt  was  made  to  provide 
that  previous  high  temperature  zone  which  is  so  desirable 
and  so  necessary  in  any  system  which  we  must  adopt  at 
the  present  time,  working  along  Mr.  Vincent^s  lines. 

There  are  two  ways  of  investigating  this  problem.  One 
is  the  way  propounded,  in  which  we  have  a  sufficient  zone 
of  high  temperature,  which  should  not  for  a  moment 
be  confused  with  the  question  of  quantities  of  heat.  The 
second  is  to  treat  the  fuel  and  air  mixture  so  that  liquid 
does  not  pa^s  through  into  the  engine  cylinders.  What 
we  are  aiming  at,  in  order  to  obtain  the  best  results,  is 
a  dry  mixture  in  the  engine  cylinders.  If  that  is  accom- 
plished, a  great  many  of  our  problems  disappear.  To 
obtain  this  dry  mixture,  Mr.  Vincent  has  resorted  to  the 
locally-heated  system.  We  must  bear  in  mind  that  local 
heating  is  a  question  of  supplying  at  the  right  place  a. 
metallic  surface,  if  need  be,  upon  which  certain  fractions 
of  the  fuel,  and  those  only,  can  impinge.  He  rather  de- 
cries the  work  of  others  in  that  field,  when  he  states  that 
certain  attempts  have  been  made  by  design,  etc.,  to 
localize  these  areas  of  high  temperature  with  a  view  to 
attaining  a  certain  end.  I  believe  these  areas  can  be 
localized,  and  I  believe  that  the  design  of  the  pipe  can  be 
such  that  the  desired  end  is  attained.  It  seems  not  to  be 
so  fully  understood  as  it  should  be,  that  fuel  in  suspen- 
sion in  an  air-stream  does  not  lie  homogeneously  through- 
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out  the  air-stream.  The  previous  speaker  referred  to 
the  question  of  carrying  liquid  in  suspension  at  a  suffi- 
ciently high  velocity.  If  we  could  do  that  everything 
would  be  well,  assuming,  apparently,  that  the  liquid  par- 
ticles were  distributed  in  a  homogeneous  mass  through- 
out the  stream,  which  of*  course  we  know  is  not  the  case. 

An  important  point  in  connection  with  manifolds  of 
this  type,  when  we  can  obtain  a  dry  mixture,  is  that  the 
effect  of  valve-timing  is  not  at  all  serious.  We  have  seen 
great  research  into  variations  of  valve-timing  and  one 
often  notices  on  drawings  the  valve-timing  specified  to 
degrees  and  fractions  of  a  degree.  I  think  it  is  rather 
straining  a  point  when  the  system  is  pursued  to  that  very 
great  degree  of  fineness,  because  the  effect  of  the  intake 
manifold  is  very  much  greater  than  the  effect  of  any  sort 
of  valve-timing,  or  a  great  many  other  problems  such  as 
valve  areas,  which  have  been  foremost  in  automobile 
thought  for  some  time.  For  example,  the  effect  of  turbu- 
lence is  very  important  and  should  be 'considered  most 
carefully  in  the  design  of  an  engine.  We  have  previously 
had  a  little  sidelight  thrown  on  this  question  of  turbu- 
lence, and  it  should  be  borne  in  mind  very  strongly  by 
men  who  are  considering  the  whole  of  this  problem.  Un- 
fortunately, we  find  people  side-tracked  along  one  line  of 
thought;  they  neglect  altogether  certain  dependent  fac- 
tors which  are  probably  far  more  iinportant  than  the  one 
line  of  thought  which  they  are  pursuing.  In  any  system 
of  dry  induction  the  only  way  is  to  consider  all  the 
factors  concerned. 

I  call  attention  to  some  work  I  did  a  number  of  years 
ago,  just  to  indicate  one  line  of  difficulty  that  has  not 
been  referred  to  by  anyone  else  and  that  most  designers 
of  intake  manifolds  have  not  considered.  It  is  the  effect 
of  the  pressure  existing  in  the  intake  manifold  at  the 
various  branches  or  at  the  various  valve-pockets  during 
the  sequence  of  operations..  One  goes  to  very  great 
length,  for  example,  to  balance  an  engine  mechanically, 
oblivious  apparently  of  the  fact  that  the  great  disturbing 
factor  of  the  whole  problem  is  the  variation  of  pressure 
in  the  individual  cylinders.  If  one  cylinder  is  charged 
with  air  and  mixture  at  a  certain  pressure  and  the  next 
one  at  a  different  pressure,  we  are  quite  aware  of  the 
variation  of  resulting  explosion  pressure  and  the  effect 
that  it  has  upon  an  engine.  The  pressure  at  these  various 
points  has  not  been  taken  care  of  by  designers  and  the 
result  is  that  when  we  have  a  mixture  which  is  in  a 
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more  or  less  unstable  condition  and  subjected  to  variation 
of  pressure,  the  gasoline  which  was  previously  just  in 
suspension  is  squeezed  out  or  absorbed  in  the  way  that  a 
sponge  would  operate  in  a  liquid.  We  may  start  off  with 
a  very  fine  set  of  conditions,  but  if  we  subject  the  mix- 
ture to  variations  of  pressure  and  temperature  at  the 
wrong  places,  we  are  bound  to  upset  the  state  of  condi- 
tions which  were  at  first  produced  by  very  great  skill 
and  effort. 

In  all  discussions  upon  manifolds  engineers  seem  to 
make  a  very  casual  statement  as  to  the  hot  air;  this 
mixture  was  heated,  hot  air  was  supplied,  and  so  on.  It 
18  not  hot  air  that  we  want.  If  we  are  going  to  make 
a  dry  mixture,  of  course  a  certain  temperature  has  to 
exist  or  the  liquid  cannot  remain  in  suspension  as  a 
liquid;  it  will  precipitate  out.  But  it  is  temperature,  it 
is  distillation  and  many  other  things  which  have  to  come 
into  consideration  with  a  complex  fuel  in  order  to  obtain 
a  certain  stable  set  of  conditions.  With  modern  fuels,  if 
we  wish  to  obtain  these  stable  sets  of  conditions,  we  must 
put  the  fuel  into  a  state  where  it  is  able  to  adapt  itself 
into  the  required  state.  Any  amount  of  heat,  if  the 
temperature  is  not  sufficient,  will  never  do  any  good  and 
may  do  harm. 

One  other  point  is  that  far  too  much  thought  is  given 
to  the  question  of  mixture  of  maximum  horsepower  at 
maximum  engine  speed,  etc.,  which  is  referred  to  by  Mr. 
Vincent.  I  think  we  must  sacrifice  something,  because 
after  all  an  engine  very  seldom  runs  under  maximum 
conditions.  We  must  give  a  man  an  engine  that  operates 
well  with  the  device  provided,  under  the  normal  condi- 
tions of  working  to  which  he  will  subject  this  engine. 

W.  G.  Wall: — One  thing,  already  mentioned  by  Mr. 
Vincent,  seems  of  very  great  importance  in  laying  out 
manifolds;  that  is  to  see  that  the  gas  does  not  cool  off 
again  after  it  is  once  heated.  It  is  rather  difficult  to 
accomplish  this  unless  the  manifold  is  inside  the  cylinder 
or  head.  Theoretically  we  would  like  to  vaporize  the  gas 
and  then  cool  it  to  a  point  where  it  is  still  vapor,  but. 
where  we  get  the  maximum  power.  That  would  be  very 
difficult  of  accomplishment,  especially  under  varying 
speeds  and  loads.  Another  point  in  regard  to  the  hot- 
spot  brings  up  a  little  experiment  I  conducted  not  long 
ago,  in  regard  to  the  shape  of  the  manifold  and  the 
difference  in  heating  the  mixture  as  to  whether  the  hot- 
spot  is  on  the  bottom  of  the  pipe  or  in  some  other  posi- 
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tion.  I  think  most  of  us  would  say  that  at  low  speed 
of  the  gas  the  hot-spot  should  at  least  cover  the  bottom' 
of  the  intake  manifold;  but  by  simply  making  a  slight 
bend  in  the  shape  of  the  manifold  so  that  the  gas  went 
direct  against  the  hot-spot,  exactly  the  same  object  was 
accomplished,  even  at  low  speed  of  the  gas.  Therefore, 
it  is  a  question  in  my  mind  whether  one  of  the  greatest 
items  is  not  the  shape  of  the  manifold.  We  are  familiar 
with  the  experiments  conducted  in  regard  to  designing 
the  shape  of  manifolds,  so  that  at  slow  speed  the  gas 
comes  in  contact  with  a  hot-spot  and  at  high  speeds  gets 
farther  away,  due  to  the  velocity  of  the  gas  through  the 
pipe.    That  seems  to  work  out  fairly  satisfactorily. 

What  is  Mr.  Vincent's  idea  relating  to  the  heating  of 
the  gas  after  it  enters  the  cylinder  and  the  appreciable 
difference  in  horsepower  between  a  water-jacketed  com- 
bustion space  and  one  that  is  only  partially  water-jacketed 
or  not  jacketed  at  all?  To  my  mind,  when  the  combus- 
tion chamber  is  only  partially  jacketed,  even  during  the 
small  time  the  gas  remains  in  the  cylinder  it  becomes 
heated  to  such  an  extent  as  to  reduce  considerably  the 
horsepower  otherwise  obtainable. 

H.  C.  Gibson: — If  the  miniature  carbureter  described 
only  delivers  a  negligible  quantity  of  heat  to  the  mix- 
ture under  wide-open  throttle  conditions,  I  believe  it  falls 
short  of  a  full  solution  of  the  problem,  especially  as  it 
cannot  aid  in  preparing  for  combustion  such  fuels  as 
boil  at  very  high  temperatures.  As  an  aid  in  starting 
and  general  operation  under  low  throttle,  the  device  has 
evident  value,  especially  because  it  provides  heat  just 
where  and  when  wanted  without  the  introduction  of  com- 
bustion or  indirect  methods.  The  consumption  of  gaso- 
line for  this  purpose  is  justified.  I  take  issue  with  Mr. 
Vincent  that  a  heater  to  be  practically  out  of  action  at 
wide-open  throttle  is  the  condition  to  be  desired.  If 
economy  is  desired,  the  heater  should  be  very  much  in 
action  preparing  the  liquid  fuel  for  conversion  into  the 
dry  gas  which  is  distinctly  and  properly  favored  through- 
out his  paper. 

A  tight-fitting  choke  will  aid  in  pulling  a  solid  stream 
of  liquid  gasoline  from  a  nozzle,  but  I  believe  that  one 
phase  of  the  solution  of  easy  starting  is  to  furnish  a 
special  choking  throttle  at  the  carbureter  nozzle  whereby 
maximum  air  speed  past  the  nozzle  can  result  in  maximum 
agitation  and  atomization  of  the  fuel.  Such  a  throttle 
should  be  used  only  in  starting. 
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It  is  true  that  we  are  all  striving  to  get  the  greatest 
possible  power  out  of  the  smallest  engine,  and  I  agree 
that  it  is  hard  to  swerve  established  custom,  but  it  will 
be  easier  to  overcome  popular  trade  objection  to  the  use 
of  exhaust  heat  when  it  is  realized  that  with  such  heat 
controlled  to  meet  the  demand  for  vaporization  we  have 
a  much  more  satisfactory  engine  for  all-around  utility, 
economy  and  power  developed  per  pound  of  engine  weight, 
if  we  take  advantage  of  modem  ability  to  produce  long- 
lived  high-speed  engines. 

Dr.  H.  C.  Dickinson: — Mr.  Vincent's  paper  presents 
for  consideration  one  very  practical  suggestion  for  the 
solution  of  the  problem  of  heavier  fuels.  The  mixing  of 
freshly-burned  hot  gases  with  the  intake  is  unquestion- 
ably a  very  effective  means  of  heating,  without  the  de- 
lays incident  to  heating  the  manifold  or  water-jacket. 
The  ingenious  design  of  the  device  whereby  the  extra 
fuel  is  burned  and  the  extra  heat  supplied  only  at  partial 
throttle,  in  about  the  desired  amounts  for  good  opera- 
tion, is  most  interesting.  The  iauthor  is  rather  modest 
in  his  claim  regarding  overall  economy.  Considerable 
improvement  in  mileage  might  be  expected  under  all  but 
hot-weather  conditions. 

Referring  to  fuel  characteristics,  while  it  is  quite  true 
that  no  one  characteristic  of  a  fuel  can  determine  its 
suitability,  there  are  three  characteristics  which  together 
very  nearly  determine  the  value  of  petroleum  fuels,  pro- 
vided only  that  these  are  reasonably  free  from  injurious 
foreign  substances.  These  are  the  initial  boiling  point, 
the  end-point  and  the  mean  volatility;  in  other  words,  the 
entire  distillation  curve  of  the  fuel.  In  the  chart  showing 
variations  in  gasoline  from  1916  to  1919  inclusive,  the 
author  gives  figures  for  initial  point,  end-point  and  spe- 
cific gravity.  It  has  been  pretty  generally  accepted  that 
specific  gravity  has  no  longer  any  direct  relation  what- 
ever to  fuel  gravity.  A  curve  giving  mean  volatility  in 
place  of  specific  gravity  might  therefore  be  more  useful. 
As  regards  increasing  the  power  of  the  Liberty  engine 
by  decreasing  the  temperature,  the  charge  weight  is 
about  inversely  proportional  to  the  absolute  tempera- 
ture; and  it  is  almost  invariably  found  that  the  increase 
in  power  when  the  temperature  is  lowered  is  much  less 
than  would  be  computed  from  its  increased  weight  of 
charge.  To  get  an  increase  of  20  per  cent  in  charge 
weight  would  require  a  decrease  of  more  than  100  per 
cent  in  air  temperature,  and  from  all  aviulable  data  this 
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would  not  give  by  any  means  an  increase  of  20  per  cent 
in  power  unless  a  change  in  fuel  makes  a  considerable 
difference  in  power,  independent  of  temperature.  A  large 
number  of  tests  have  been  run  in  the  altitude  chamber  of 
the  Bureau  of  Standards,  in  which  the  temperature  of 
the  intake  air  has  been  changed  repeatedly  by  nearly  100 
per  cent,  with  a  corresponding  change  in  horsepower  very 
much  less  than  20  per  cent.  A  change  in  fuel  from  com- 
mercial gasoline  to  aviation  gasoline  may,  however,  make 
a  difference  of  several  per  cent  in  power  without  change 
of  temperature,  particularly  if  the  carburetion  is  not  very 
good. 

In  reference  to  spark-plug  fouling,  it  is  suggested  that 
the  presence  of  fuel  on  the  sooty  deposit  on  the  spark- 
plug insulator  may  render  this  layer  conducting.  As  a 
matter  of  fact,  gasoline  and  kerosene  are  excellent  in- 
sulators, being  about  equal  to  the  heavier  oils,  and  should 
tend  to  improve  the  insulation  rather  than  act  as  con- 
ductors. On  the  other  hand,  possibly  the  heavy  ends  of 
the  fuel  absorbed  in  the  sool^  layer  crack  and  oxidize  on 
warming  up,  thus  adding  to  the  amount  of  carbon.  Is  it 
not  possible  that  the  maintenance  of  a  reasonably  lean 
mixture,  or  a  mixture  which  is  lean  at  usual  driving 
speeds  and  loads,  will  entirely  prevent  fouling?  I  am 
quite  satisfied  from  personal  observation  that  this  will 
result  even  when  wet  mixtures  are  used. 

F.  C.  Mock  : — The  question  of  the  temperatures  needed 
for  a  dry  manifold  at  different  throttle  positions  is  of 
interest.  From  observation  I  would  say  that  with  our 
present  gasoline  of  430  deg.  fahr.  end-point  and  about 
300  deg.  fahr.  mid-point,  the  manifold  will  be  dry  when 
the  engine  is  idling  somewhere  between  80  and  100  deg. 
fahr,  But  to  get  it  dry  at  wide-open  throttle  requires 
from  180  to  200  deg.  fahr.;  in  fact,  I  have  never  got 
it  to  look  dry  in  any  apparatus  I  have  had  in  use. 

I  am  not  sure  that  it  is  desirable  to  have  the  manifold 
dry.  I  think  we  can  get  the  limit  of  good  operation  with- 
out having  it  dry  at  wide-open  throttle;  but  everything 
we  have  tried  which  brought  a  satisfactory  condition  at 
wide-open  throttle,  gave  enough  heat  at  closed  throttle. 
Practically  all  of  our  difficulties  are  encountered  at  wide- 
open  throttle,  particularly  at  low  manifold  air  velocities. 
All  the  experiments  we  have  made  indicate  that  a  prop- 
erly-designed application  of  exhaust  heat  to  the  intake 
will  give  a  uniform  rise  of  temperature  to  the  mixture 
passing  by  it,  regardless  of  load  or  engine  speed.    There 
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seems  to  be  a  sort  of  natural  automatic  regulation,  the 
heat  present  in  the  exhaust  being  fairly  proportional  to 
the  amount  of  fuel  passing  the  heating  surface. 

E.  D.  Thurston,  Jr.  :— In  regard  to  the  burning  of  the 
mixture  in  the  heater,  how  is  the  combustion  started?  I 
have  had  some  experience  in  burning  explosive  mixtures 
and  believe  that  any  delay  in  starting  combustion  in  this 
heating  device  will  cause  combustion  to  be  set  up  in  the 
main  inlet  manifold.  Similarly,  any  interruption  in  the 
burning  of  the  mixture  in  the  heater,  followed  by  subse- 
quent combustion,  will  cause  the  same  effect.  It  may  be 
that  this  is  a  detail  that  has  been  worked  out,  but  I 
should  like  to  know  how  it  has  been  accomplished.  Mr. 
Vincent  has  based  his  calculation  as  to  the  heat  neces- 
sary upon  the  effect  taking  place  at  constant  volume; 
whereas  it  will  actually  occur  at  constant  pressure,  re- 
quiring about  40  per  cent  more  heat. 

J.  H.  Hunt: — The  desirability  of  cooling  the  products 
of  combustion  of  the  burner  before  mixing  them  with 
the  carbureter  mixture  has  been  brought  out.  In  some 
experimental  work  with  a  similar  device,  it  has  been  very 
interesting  to  have  a  window  through  which  one  can  look 
into  the  manifold.  With  such  an  outfit  in  operation  I 
have  seen  a  red  flame  project  into  the  manifold  at  least 
y^  in.  without  igniting  the  mixture  entering  the  engine. 
This  was  under  wide-open  throttle,  as  the  arrangement 
of  the  window  did  not  permit  viewing  the  conditions  at 
partly-open  throttle.  Obviously,  with  partly-closed  throt- 
tle and  greater  suction,  the  flame  would  project  further; 
and  even  under  these  conditions  the  mixture  is  not  ig- 
nited. It  is  not  easy  to  account  for  this  failure  to  ignite, 
but  very  evidently  it  is  not  necessary  to  cool  the  mixture 
as  much  as  one  would  suppose. 

Such  an  outfit  may  not  be  ideal,  because  relatively  very 
little  heat  is  supplied  under  wide-open  throttle  conditions, 
as  has  just  been  pointed  out,  but  our  troubles  today  come 
mostly  from  driving  the  engine  choked  when  first  start- 
ing, and  when  the  engine  is  cold.  A  device  of  this  type 
which  will  accelerate  heating  the  engine  and  also  heat  the 
mixture  while  the  engine  is  still  cold,  reducing  the  use 
of  the  choker  to  a  minimum,  will  very  greatly  improve 
the  conditions  with  which  we  must  contend.  While  in  the 
ideal  solution  it  may  be  necessary  to  supply  more  heat 
for  wide-open  throttle  work,  particularly  for  lower-grade 
fuels  than  we  have  today,  the  device  which  already  exists 
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takes  care  very  nicely  of  the  conditions  we  have  to  meet 
in  automobile  engines.  Possibly  for  a  tractor  engine 
more  heat  would  be  needed  at  wide-open  throttle,  because 
most  of  the  work  is  done  at  or  near  wide-open  throttle. 

Prof.  0.  C.  Berry: — I  wish  to  add  what  emphasis  I 
can  to  Mr.  Vincent's  statement  that  it  is  time  that  we 
devise  some  system  which  will  insure  the  realization  of 
the  entire  useful  life  of  the  cars  we  are  designing  today. 
It  seems  to  me  inevitable  that  the  fuel  to  be  sold  a  few 
years  hence  will  be  so  much  less  volatile  than  our  present 
gasoline  that  many  of  the  cars  built  and  sold  this  year 
will  be  unable  to  carburet  it  successfully.  The  need 
for  a  larger  fuel  supply  is  so  pressing  and  so  widely  un- 
derstood that  some  one  is  reasonably  certain  to  develop  a 
successful  way  of  using  more  nearly  all  of  our  crude 
petroleum  for  engine  fuel.  When  such  an  invention  is 
made,  its  adoption  will  be  rapid  and  the  petroleum  in- 
dustry will  quickly  take  advantage  of  the  opportunity  to 
change  the  quality  of  the  fuel  put  upon  the  market.  Since 
no  one  can  now  predict  just  what  form  this  invention  will 
take,  it  might  be  well  to  have  the  intake  manifold  a 
separate  casting,  to  give  the  owner  every  possible  chance 
to  install  on  his  car  the  inventions  of  the  future  and  thus 
be  able  to  get  satisfactory  service  until  his  car  has  worn 
out. 

A  number  of  tests  carried  out  at  Purdue  University 
are  of  interest  in  connection  with  the  question  of  whether 
a  dry  mixture  is  to  be  desired  in  the  intake  manifold.  A 
Willys-Knight  engine  was  used,  mounted  on  a  Diehl  elec- 
tric dynamometer.  Except  for  the  small  amount  of  heat- 
ing through  the  walls  of  the  short  water-jacketed  intake 
manifold,  all  of  the  heat  for  vaporizing  the  fuel  in  the 
mixture  was  supplied  as  sensible  heat  in  the  air  entering 
the  carbureter.  The  temperature  of  this  air  was  changed 
by  small  steps  from  60  to  300  deg.  fahr.,  and  the  cooling 
water  was  kept  at  about  200  deg.  fahr.  Under  these 
conditions  the  engine  would  not  run  properly  with  the 
60-deg.  air  when  using  gasoline  having  a  gravity  of  56.5 
Baum6.  When  the  air  temperature  was  raised  to  71  deg. 
fahr.,  the  engine  ran  more  smoothly  and  gave  better 
power,  but  still  did  not  operate  as  it  should.  With  80-deg. 
air  the  operation  was  satisfactory,  except  when  the  leaner 
mixtures  were  being  used,  and  the  power  and  eflSciency 
were  the  highest  we  were  able  to  obtain.  Air  at  100  deg. 
gave  about  the  same  power  and  eflSciency  as  80-deg.  air, 
but  each  increase  in  temperature  above  100  deg.  caused 
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the  power  to  decrease  considerably/  and  the  efiteiency 
slightly,  until  with  air  at  800  deg.  the  power  had  dropped 
22  per  cent  and  the  efficiency  nearly  1  per  cent.  When 
the  air  entered  the  carbureter  at  275  deg.  f  ahr.,  the  mix- 
ture was  quite  dry  as  was  shown  by  its  appearance  as  it 
passed  through  a  glass  section  in  the  manifold,  but  lower- 
ing the  temperature  much  below  this  point  would  produce 
a  fog  in  the  mixture. 

To  my  mind  a  distinction  should  be  made  between  re- 
quiring a  mixture  to  be  dry  in  the  intake  manifold  and 
dry  at  the  end  of  the  compression  stroke.  The  latter 
seems  to  me  to  be  the  essential  requirement.  Even  though 
wet  mixtures  do  lead  to  distribution  troubles  when  the 
manifolding  is  poor,  a  mixture  that  is  not  too  wet  can 
be  satisfactorily  distributed  by  a  good  manifold.  The 
piston-head  is  hot  enough  to  vaporize  a  small  amount  of 
liquid  fuel  deposited  on  it  by  a  wet  mixture,  and  the 
fog  of  liquid  fuel  that  remains  suspended  in  the  air  will 
be  vaporized  by  the  heat  of  compression.  In  the  Purdue 
tests  the'  best  results  were  obtained  with  mixtures  that 
were  wet  in  the  manifold.  These  wet  mixtures  gave  a 
smooth  running  engine,  a  clean  exhaust,  about  20  per  cent 
more  power  than  the  coolest  dry  mixture  and  a  slightly 
better  efficiency. 

Too  wet  a  mixture  will  cause  the  engine  to  miss, 
and  lead  to  loss  of  power  and  efficiency,  dilution  of  the 
lubricating  oil,  sooted  cylinders  and  spark-plugs  and  other 
serious  troubles,  as  was  demonstrated  by  the  Purdue  tests 
run  with  the  60-deg.  fahr.  air.  This  would  not,  however, 
lead  one  to  the  conclusion  that  a  dry  mixture  in  the  intake 
manifold  is  the  ideal  condition. 

Sydney  Bevin: — One  of  the  members  has  suggested 
that  the  knock  in  an  automobile  engine  using  kerosene 
or  other  fuel  which  produces  a  typical  knock  other  than 
the  preignition  knock,  might  be  caused  by  the  molecules 
of  gas  in  the  exploding  mixture  vibrating  through  such 
an  amplitude  that  they  struck  each  other  and  that  the 
kinetic  energy  of  these  molecules  is  therefore  transmitted 
very  suddenly  to  the  piston  and  cylinder-head,  as  would 
be  the  case  if  a  mass  of  gas  were  detonated  in  the  cyl- 
inder. My  thought  on  this  subject  is  that  a  fuel,  such 
as  kerosene  or  fuel  oil,  would  split  under  the  heat  and 
pressure  of  compression  into  three  or  four  explosive 
gases,  and  perhaps  one  liquid  which  will  not  vaporize; 
that  the  kinetic  energy  of  the  exploding  gases  is  trans- 
ferred to  the  droplets  of  the  unvaporized  liquid,  which 
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In  their  turn  strike  the  piston  and  cylinder-head  and 
transmit  shock.  It  is  rather  difficult  to  picture  the  gas 
molecules  traveling  at  sufficient  speed  to  produce  a  knock, 
whereas  the  droplets  of  the  unvaporized  part  of  the  fuel 
would  be  able,  owing  to  their  superior  mass,  to  strike  a 
more  violent  blow.  The  addition  to  the  fuel  of  some 
iodide,  as  demonstrated  in  the  experiments  with  different 
fuels  in  the  discussion  of  indicators  for  high-speed  en- 
gines, might  lessen  the  tendency  of  the  kerosene,  or  fuel 
oil,  or  other  fuel,  to  form  the  droplets  mentioned,  thus 
tending  to  eliminate  the  cause  of  the  knock. 

J.  G.  Vincent: — ^You  probably  realize  that  there  is 
much  in  what  Mr.  Crane  says  about  the  matter  of  keep- 
ing the  mixture  going  up  all  the  way  into  the  cylinders 
in  this  particular  job.  Frankly,  I  think  this  sort  of  de- 
vice is  of  more  value  in  a  V-type  engine  than  in  a  vertical 
type,  although  I  have  worked  it  out  in  various  types  of 
engines  and  have  failed  to  find  any  engine  which  it  did 
not  improve.  Of  course,  it  is  easier  to  apply  the  device 
to  some  engines  than  to  others.  For  instance,  with  a 
vertical  engine  it  is  possible  to  arrange  the  carbureter  so 
that  the  extra  mixture  for  the  burner  is  taken  off  the 
first  bend  above  the  carbureter,  so  that  the  auxiliary 
vaporizer  is  done  away  with.  I  mention  this  as  some- 
thing that  can  be  accomplished  under  certain  conditions. 
The  particular  installation  that  I  have  shown  in  the 
drawings  did  not  lend  itself  to  that  form  of  construction. 

We  found  in  early  experiments  some  difficulty  in  mak- 
ing the  engine  idle  with  this  device,  as  well  as  without  it. 
A  little  later  we  obtained  results  that  were  slightly  better 
than  we  were  able  to  get  without  it.  The  important 
thing  in  getting  good  idling  seems  to  be  to  have  this  burnt 
mixture  come  in  at  the  right  place  with  relation  to  the 
incoming  charge.  In  the  drawings  I  have  shown  it  com- 
ing in  at  two  different  sides.  It  may  be  better,  under 
certain  conditions,  to  have  a  sleeve  arranged  so  that  the 
burnt  gas  will  come  up  around  it  and  form  a  sort  of 
envelope  around  the  incoming  mixture. 

Mr.  Brewer  thinks  it  would  be  better  to  apply  the  heat 
on  the  inside,  so  as  to  avoid  losses.  That  is  entirely  pos- 
sible and  it  may  be  a  good  idea.  It  is  not  one  with  which 
I  have  experimented  and  it  probably  presents  some  diffi- 
culties in  construction,  but  it  is  certainly  a  good  thought. 

Mr.  Brewer  spoke  of  my  decrying  the  so-called  hot-spot 
manifold.  It  was  not  my  intention  to  do  so;  I  simply 
wished  to  point  out  what  I  think  are  its  limitations.    I 
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understand  that  all  these  devices  have  their  limitations. 
It  seems  to  me  that  the  difficulty  with  the  so-called  hot- 
spot  is  that  it  does  not  get  hot  quickly  enough,  or  stay 
hot  enough  under  idling  conditions.  Since  I  wrote  this 
paper  I  have  had  a  fair  chance  to  check  it  up  and  see  if 
what  I  said  was  so,  because  at  that  time  I  had  not  had 
a  chance  to  operate  under  severe  cold  conditions  such 
as  5  deg.  below  zero  and  the  wind  blowing  on  the  car 
all  night.  I  am  glad  to  be  able  to  advise  you  that  the 
device  operated  exactly  as  it  was  supposed  to  operate. 
It  started  up  promptly  and  after  taking  about  enough 
time  to  back  out  of  the  garage  and  turn  around  and 
close  the  doors,  about  2  min.,  I  could  drive  out  of 
the  yard  with  the  mixture  set  as  for  normal  summer  con- 
ditions, and  jamb  the  throttle  clear  to  the  floor-board. 
This  is  a  result,  you  will  all  recognize,  that  is  somewhat 
hard  to  obtain  under  present  fuel  conditions. 

Mr.  Brewer  stated  that  distribution  is  probably  more 
important  than  the  balance  of  the  engine  parts.  I  wish 
to  concur  thoroughly  with  that  thought.  I  have  been  all 
through  the  subject;  it  took  me  a  long  time  to  realize 
that  we  were  really  doing  many  things  in  connection  with 
balancing  engines  that  did  us  no  good,  because  we  spoiled 
them  all  by  spoiling  the  distribution.  In  comparing  two 
engines,  just  as  often  as  not  the  engine  that  was  out 
of  balance  showed  the  best  because  of  the  distribution. 

I  agree  that  the  engine  output  at  high  speed  is  not 
of  paramount  importance.  I  simply  wished  to  state  that 
it  is  important  to  keep  as  much  of  it  as  we  reasonably  can. 

In  regard  to  Mr.  Gibson's  remarks  about  the  necessity 
from  heat  at  higher  speed,  I  am  uncertain  as  to  how  far 
we  must  carry  heat  up  the  range. 

Prof.  Berry's  remarks  about  the  hot  piston  are  of 
course  pertinent.  We  know  that  we  get  splendid  opera- 
tion at  high  speed  under  wide-open  throttle  conditions 
without  this  heater.  The  hot  piston  will,  I  believe,  take 
care  of  the  vaporizing  of  the  fuel  after  it  gets  into  the 
cylinder.  This  does  not  help  distribution.  Some  things 
are  not  yet  definitely  settled..  However,  in  handling  the 
condition  up  to  30  m.p.h.,  under  steady-throttle  conditions, 
we  probably  have  taken  care  of  at  least  80  per  cent  of 
the  driving,  and  that  part  of  the  driving  which  certainly 
gives  us  the  most  trouble. 

In  regard  to  Dr.  Dickinson's  remarks  about  fouling 
spark-plugs,  I  have  not  had  time  to  investigate  just  what 
caused  the  fouling.     I  do  know  that  we  have  blamed  a 
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lot  of  fouling  of  spark-plugs  upon  oiling,  when  the  oiling 
had  something  to  do  with  it,  but  wet  mixtures  a  great 
deal  more.  With  the  mixture  properly  dried  out  we  do 
not  have  any  spark-plug  trouble,  whereas  we  formerly 
had  considerable.    I  do  not  know  just  what  happens. 

In  regard  to  my  statement  about  the  choker-valve  fit- 
ting tightly,  it  is  of  course  important  to  have  a  slight 
leak  past  this  valve  at  the  lowest  point,  so  that  the  gaso- 
line raised  out  of  the  jet  will  run  down  to  the  orifice 
and  meet  the  high-speed  incoming  air  and  be  broken  up. 
That  is  the  only  way  I  have  found  to  get  good  starting. 
Naturally  this  can  take  a  large  number  of  materially 
different  forms. 
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AERONAUTIC  MEETING 

The  meeting  at  Chicago  on  Jan.  18,  although  desig- 
nated as  an  Aeronautic  Meeting  of  the  Society,  was  in 
reality  a  Mid-West  Section  meeting.  All  arrangements 
were  made  by  the  Section  and  it  was  therefore  natural 
that  emphasis  should  be  placed  upon  the  importance  of 
the  Sections  by  Past-president  Charles  M.  Manly  and 
General  Manager  Clarkson  in  their  remarks.  In  addition 
W.  T.  Van  Orman  gave  an  interesting  account  of  the  Na- 
tional Balloon  Race  held  in  the  fall  of  1919. 

ADDRESS  OF  PAST-PRESIDENT  MANLY 

There  is  one  thing  that  I  would  like  particularly  to 
say,  a  thing  that  is  very  near  to  me.  I  have  spoken 
of  it  in  my  recent  term  of  office  as  President  of  the  So- 
ciety. It  "is  the  importance  of  the  Sections.  You  have 
here  the  very  nucleus  of  what  I  see  as  the  big  work 
of  the  Society.  The  Sections  must  be  developed  into 
strong-going  main  branches  of  the  Society  and  the  way 
to  do  that  is  to  give  them  all  the  punch  that  can  possibly 
be  given  them  in  connection  with  the  presentation  and 
discussion  of  technical  papers.  It  is  impossible  to  at- 
tempt to  carry  on  the  work  of  the  Society  by  having 
a  few  papers  presented  at  the  annual  meetings,  or  by 
having  simply  a  few  papers  contributed  to  The  Journal 
from  time  to  time.  The  thinjj  that  we  most  need  to 
build  up  the  work  of  the  Society,  to  the  position  that  it 
must  be  built  up  to,  is  to  have  competition  among  the 
members  for  the  honor  of  presenting  papers  at  the  Sec- 
tion meetings  and  then  competition  among  the  people 
that  hear  those  papers  in  really  discussing  them  from  a 
technical  point  of  view. 

The  fact  that  a  paper  on  any  subject  is  to  be  presented 
should  be  an  inmiediate  signal  to  everyone  who  has  any 
ideas  on  that  same  subject  to  attend  the  meeting,  and 
not  to  attend  it  with  the  idea  that  he  is  going  to  gather 
in  information  but  not  give  out  any.  A  man  who  does 
that  usually  keeps  out  a  whole  tot  more  than  he  keeps  in. 
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The  way  to  get  the  real  advantage  of  the  work  of  the 
Sections  is  to  carry  on  this  active  presentation  of  the 
papers  and  the  active  discussion  of  them,  so  that  in  the 
selecting  of  papers  for  The  Journal,  we  will  get  the 
very  best  papers  it  is  possible  to  get. 

This  work  of  the  Society  of  Automotive  Engineers  is 
one  of  the  biggest  things  that  we  have  in  the  engineer- 
ing world,  and  it  will  grow  to  tremendously  larger  pro- 
portions than  it  has  at  the  present  time.  My  own  feel- 
ing is  that  the  work  of  the  automotive  engineer  has  just 
begun.  We  are  going  to  have,  I  think,  inside  of  the  next 
ten  years,  some  20,000  members  of  the  Society  of  Auto- 
motive Engineers.  There  will  be  enough  automotive 
engineering  work  to  be  done  within  the  next  ten  years  to 
call  for  that  many  more  engineers.  Whether  we  shall 
have  them  all  cooperating  in  the  work  of  the  Society, 
is  going  to  depend  very  largely  on  the  work  of  the  Sec- 
tions. I  hope,  therefore,  that  the  different  Sections  will 
awake  to  their  real  opportunity  in  connection  with  the 
carrying  on  of  this  work  of  the  Society. 

AraCRAFT 

We  shall  see  very  important  developments  in  connection 
with  aircraft.  We  have  now  come  to  the  stage  where  the 
commercial  end  has  to  be  developed  to  have  any  business 
at  all.  The  Government  is  not  likely  to  be  calling  for  any 
large  quantity  of  machines.  It  will,  no  doubt,  call  for 
a  number  of  machines  of  different  types  to  maintain  the 
process  of  building  up  the  aviation  service,  but  the  real 
work  of  the  automotive  engineer  in  the  aircraft  field 
must  be  in  connection  with  commercial  aircraft  develop- 
ment and  operation,  and  the  operating  side  will  be  as 
large  as,  or  larger,  than  the  actual  building  side. 

In  the  building  work  we  have  much  to  unlearn.  The 
past  several  years  of  aircraft  development  have  been 
devoted  exclusively  to  perfecting  the  machine  as  a  war 
machine.  Recently  we  have  been  working  toward  a  com- 
mercial development.  There  is  a  tremendous  amount  to 
be  done  in  connection  with  the  commercial  development. 
One  of  the  most  important  things  in  connection  with  it 
is  that  we  shall  do  our  part  to  get  landing  fields  built. 
We  cannot  operate  airplanes  without  landing  fields  any 
more  than  we  could  operate  automobiles  without  roads, 
or  ships  without  harbors.  The  aircraft  is  today  in  the 
same  fix  as  the  "Soviet  Ark";  it  is  on  its  way  some- 
where, but  apparently  has  no  harbor  to  go  into.    It  is 
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drifting  around.  The  appointed  harbor  has  not  been  desig- 
nated, at  least  as  far  as  we  know.  The  aircraft  business 
has  to  have  landing  fields  just  as  that  ship  or  any  other 
ship  has  to  have  a  harbor  to  go  into.  If  all  of  our  har- 
bors were  suddenly  taken  away,  shipping  would  be  in  a 
pretty  bad  fix;  and  if  all  of  the  automobiles  at  the  begin- 
ning of  the  automobile  development  had  had  to  operate 
on  country  roads  and  not  been  usable  in  the  cities,  there 
would  have  been  a  very  heavy  retarding  effect  on  the 
development  of  the  automobile.  We  must  have  landing 
fields.  So  it  is  very  important  that  everyone  connected 
with  automotive  work  do  all  he  can  toward  assisting  the 
development  of  them  to  help  along  the  aircraft  work. 

The  other  thing  in  connection  with  aircraft  work  that 
we  all  have  of  necessity  to  be  interested  in  is  to  try  to 
get  the  National  Government  to  take  necessary  action 
to  provide  a  unified  system  of  control,  so  that  the  States 
and  municipalities  will  not  commence  passing  all  kinds 
of  restrictive  laws  that  will  hamper  the  development 
work  and  the  actual  operation  of  the  machines. 

Some  excellent  plans  have  been  developed  in  connec- 
tion with  that  by  the  aviation  commission  that  went 
over  to  Europe  last  year  under  the  leadership  of 
Assistant  Secretary  of  War  Crowell.  These  have  been 
presented  to  Congress  in  the  form  of  proposed  legisla- 
tive enactments.  If  the  suggestions  are  carried  out,  it 
will  be  possible  to  put  into  effect  a  really  constructive 
plan  of  operation  that  will  prevent  the  passing  of  all 
kinds  of  municipal  and  State  regulations  to  hamper  air- 
craft operation  and  hold  it  back  for  very  many  years. 

The  Motor  Truck 

The  most  important  thing  in  automotive  work  in  the 
way  of  immediate  development  is,  I  think,  the  motor- 
truck business.  I  think  that  we  have  not  even  com- 
menced to  get  a  vision  of  it.  We  have  a  few  hundred 
thousand  motor  trucks  running  in  the  United  States. 
There  will  have  to  be  several  millions  running  before  the 
country  is  really  properly  motorized.  We  have  them 
operating  now  under  a  great  many  conditions.  I  think 
that  within  the  next  few  years  we  shall  see  a  tremendous 
development  in  the  motor-truck  business,  not  only  in 
the  building  of  more  motor  trucks  of  more  diversified 
kinds  for  the  different  work,  but  also  the  building  up  of 
very  complete  data  and  systems  of  operation  that  will 
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really  give  us  the  same  kind  of  ability  to  predict  the  cost 
of  operation  that  we  now  have  in  connection  with  pre- 
dicting the  cost  of  construction,  or  that  we  now  have  in 
connection  with  railroad  operation.  So  that  in  the  field 
of  motor-truck  work,  I  think  that  the  next  ten  years  will 
see  a  good  many  thousand  engineers  added,  both  from 
the  designing  and  constructing  end  and  from  the  operat- 
ing end.  Chicago,  with  its  tremendous  amount  of  traffic, 
should  form  a  very  active  field  for  the  work  of  the  So- 
ciety, if  the  Section  here  is  alive  to  its  opportunities,  and 
that  means  it  is  the  men  who  compose  the  Section  that 
really  must  have  a  true  vision  of  what  the  opportunities 
are  in  connection  with  the  Section. 

When  we  come  down  to  it,  this  matter  of  vision  is 
really  the  thing  that  is  most  important  to  all  of  us.  If 
we  have  not  vision  in  regard  to  the  future,  we  will  not 
really  exert  ourselves  in  a  big  way  to  do  the  big  things 
that  lie  before  us,  and  if  we  have  not  vision,  we  ought 
to  acquire  it.  The  vision  I  see  of  the  work  before  the 
automotive  engineer  for  the  next  ten  to  twenty  years  is 
one  of  the  most  fascinating  things  that  a  person  could 
possibly  contemplate. 

I  hope  that  the  Mid-West  Section  will  see  the  vision 
before  it  and  really  work  toward  the  building  up  of  a 
very  active,  virile  Section  here  that  will  make  the  work 
of  the  Society,  in  this  Section,  of  the  great  importance 
that  it  should  be. 


ADDRESS  OF  GENERAL  MANAGER 
CLARKSON 

I  want  to  supplement  somewhat  the  excellent  outline 
Mr.  Manly  has  just  given  of  the  present  and  prospective 
work  of  the  Society.  I  think  there  is  great  suggestive 
value  in  what  he  said. 

The  Council  of  the  Society  as  a  whole  concurs  un- 
reservedly in  the  view  that  Mr.  Manly  has  given  as  to 
the  importance  of  the  Sections.  The  point  of  the  mat- 
ter is  that  in  the  Sections  there  are  not  only  more  fre- 
quent opportunities  for  the  members  to  get  together  but 
there  is  more  intimate  affiliation  between  them  at  Sec- 
tion meetings. 

A  distinct  advance  has  been  made  in  the  matter  of  the 
actual  adoption  of  valuable  standards  in  tractor  work. 
There  is  a  more  general  appreciation  of  the  importance 
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of  certain  types  of  standards  and  of  the  feasibility  of 
formulating  and  establishing  them.  With  reference  to 
the  standards  work  in  general,  the  Divisions  of  the 
Standards  Committee  have  been  working  vireU.  The  re- 
ports presented,  and  accepted  for  the  most  part,  at  the 
meeting  of  the  Society  in  January  of  this  year,  were 
more  numerous  than  in  any  half-year  theretofore,  and 
contained  much  of  value  to  the  automotive  industry. 

Our  real  work  is  the  securing  and  disseminating  in 
good  intelligible  form  of  technical  information,  either 
by  way  of  comprehensive  statement  of  old  matters  or  in 
connection  with  anticipating  what  is  coming  in  the  way 
of  development  to  be  reduced  to  practice.  I  think  we 
all  want  to  keep  in  mind  constantly  that  that  is  our 
work,  the  nucleus  from  which  we  can  be  of  greatest 
value  to  the  members  individually,  the  industry  as  a 
whole,  and  in  turn  the  Nation. 

There  is  much  broad  cooperative  work  to  do.  One 
phase  of  it  has  come  before  the  Mid-West  Section,  in 
the  matter  of  the  possibility  of  an  engineering  club 
being  established  in  Chicago  and  a  building  erected  to 
house  it.  The  engineering  societies  will  have  to  work 
together  more  and  more  as  time  goes  on,  because  it  is 
obvious  that  they  have  much  in  common,  and  that  which 
they  have  in  common  is  of  great  importance  in  engineer- 
ing generally  and  in  connection  with  the  status  of  the 
engineer  in  the  various  communities  and  the  country  as 
a  whole.  The  theory  and  logic  of  the  joint  procedure 
are  analogo.us  to  the  common  sense  of  the  combined 
standards  work  in  the  different  automotive  fields,  motor- 
truck, passenger-car,  aircraft,  motor-boat,  farm-tractor, 
farm  engine  and  isolated  electric-lighting  plant.  The 
Society  is  doing  and  would  do  in  any  event  those  things 
which  apply  very  largely  to  all  the  automotive  engineer- 
ing fields.  There  are  subjects  in  which  the  S.  A.  E.  is  vi- 
tally interested,  that  are  of  interest  to  other  engineering 
organizations  and  to  various  Government  bureaus. 
There  must  be  some  medium  by  which  all  of  the  bodies 
actually  concerned  can  work  together,  avoiding  duplica- 
tion of  effort  and  unnecessary  expenditure  of  money  and 
securing  more  effective  results.  There  must  be  also  one 
channel  through  which  we  can  take  up  matters  of  stand- 
ardization with  foreign  countries.  International  stand- 
ardization is  right  before  us. 
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The  fourth  annual  Tractor  Dinner  of  the  Society  held 
at  Kansas  City  on  Feb.  19,  during  the  week  of  the  Na- 
tional Tractor  Show,  was  an  instructive  as  well  as  inter- 
esting and  entertaining  event.  Two  hundred  and  fifty* 
members  and  guests  were  present,  all  imbued  With  the 
spirit  of  the  impressive  exhibition  staged  by  the  Kansas 
City  Tractor  Club  in  the  form  of  the  show  and  of  the 
vitally  important  design,  production  and  economic  prob- 
lems then  before  the  tractor  engineers  for  solution. 

E.  E.  Peake,  of  Kansas  City,  presided  as  toastmaster 
in  a  very  amusing  and  satisfying  way. 

President  J.  W.  Perry,  of  the  Kansas  City  National 
Bank  of  Commerce,  addressed  the  members  in  a  stirring 
manner  and  held  their  interest  intently.  He  told  of  his 
own  personal  experience  in  the  operation  of  farm  tractors 
and  of  the  confidence  that  the  banks  have  in  the  tractor 
business.  He  stated  that  the  tractor  sales  in  Iowa,  Ne- 
braska, Missouri,  Oklahoma  and  Kansas  amounted  to 
$90,000,000  in  1919,  citing  the  further  fact  that  there 
are  approximately  91,000,000  acres  of  agricultural  land 
in  cultivation  in  this  territory.  He  believed  that  of  the 
125,000  or  more  tractors  in  use,. 50  per  cent  were  in  the 
region  mentioned.  Mr.  Perry  predicted  that  high  prices 
in  general  would  cease. 

R.  F.  Crawford,  president  of  the  Kansas  City  Tractor 
Club,  talked  of  the  needs  of  the  tractor  industry  as  seen 
by  the  sales  department.  He  entered  a  strong  plea  for 
the  encouragement  of  development  resulting  in  a  few 
conventional  tjrpes  of  tractor,  as  in  the  case  of  automo- 
bile production.  He  also  pointed  to  the  automobile  in- 
dustry as  a  good  example  of  broad  cooperation. 

0.  B.  Zimmerman,  formerly  a  major  in  the  Engineer 
Corps,  explained  briefly  some  studies  recently  made  by 
him.  He  illustrated  vital  facts  in  the  matter  of  the  best 
working  speeds  of  tractors.  He  based  what  he  had  to 
say  upon  the  principle  that  a  great  industry  like  that  of 
the  tractor  should  be  founded  on  careful  investigational 
and  research  work.  Mr.  Zimmerman  gave  some  very  im- 
portant deductions  from  a  coordinated  consideration  of 
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the  various  data  recently  published  in  connection  with 
experiments  on  plowr  draft. 

ADDRESS  OF  J  W  PERRY 

While  I  cannot  discuss  the  automotive  business  in- 
telligently from  an  engineering  viev^point,  I  feel  that 
our  interests  are  mutual  because  I  can  lay  before  you 
the  needs  of  the  farmer,  and  also  bring  to  you  the 
views  and  experiences  of  the  banker,  now  handling 
to  some  extent  both  the  manufacturing  and  distrib- 
uting departments  of  this  business.  You  represent 
the  most  advanced  ideas  and  the  most  practical 
knowledge  of  automotive  engineering  of  any  body  of 
men  in  the  world.  You  are  the  planners  and  builders 
of  the  most  up-to-date  power  machinery  ever  built  by 
man.  You  are  placing  in  our  hands  the  instruments 
with  which  we  hope  to  produce  more  of  the  products 
of  our  farms  at  less  cost  and  to  lighten  our  burden  by 
a  decrease  in  the  manpower  employed.  You  are  at- 
tempting to  show  us  that  the  motive-power  machinery 
you  produce  will  do  more  with  less  expense  than  man- 
and-mule  power  has  heretofore  accomplished.  So  far, 
my  experience  has  been  in  favor  of  the  man  and  the 
mule. 

The  possibilities  for  advancement  and  profit  through 
your  work  are  unlimited.  We  appreciate  these  possi- 
bilities and  welcome  them,  but  we  have  a  right  to 
know  that  we  will  be  properly  equipped.  We  want  to 
know  that  you  possess  the  creative  genius,  the  business 
ability  and  the  mutual  interest,  that  will  bring  to  us  a 
product  that  can  be  used  to  advantage.  The  automo- 
bile industry,  some  ten  years  ago,  passed  through  this 
same  creative  period.  The*  bankers  then  had  some 
doubts  of  its  economic  value,  but  these  have  passed 
and  we  now  think  of  it  as  one  of  the  great  and  impor-' 
tant  industries  of  the  country.  The  public  paid  the 
price  of  creating  and  making  the  automobile  an  aid  to 
civilization  and  industry.  It  is  profoundly  wished  that 
you  will  now  bring  to  us  the  farm  power  machine  that 
can  be  used  to  advantage,  less  the  cost  of  experimenta- 
tion through  which  the  automobile  was  made  useful. 
It  will  not  be  difficult  to  finance  either  the  manufacture 
or  the  distribution  of  your  product,  if  we  are  assured 
of  the  adaptability  of  your  machines  to  our  needs,  and 
if  they  are  so  constructed  as  to  make  their  use  eco- 
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nomical.  The  tractor  and  other  power  machines  should 
be  just  as  universally  used  as  the  automobile. 

I  am  one  of  your  customers  in  the  tractor  line,  hav- 
ing been  the  first  user  of  a  power  machine  in  the  neigh- 
borhood of  my  farm.  My  experience  was  only  partially 
satisfactory.  I  feel  that  I  paid  the  price  of  your  experi- 
mentation. I  purchased  a  machine  that  looked  ade- 
quate and  promised  well  on  paper.  My  mistake  was  in 
trying  to  run  a  power  machine  with  a  mule  driver. 
The  agent's  statement  that  the  machine  was  perfectly 
simple  and  easy  to  operate,  in  fact  almost  fool-proof, 
was  erroneous.  The  machine  was  powerful  and  when 
properly  adjusted  was  capable  of  doing  the  work  of 
several  teams,  but  I  tried  to  make  it  do  all  the  work  on 
the  place,  treating  it  as  a  piece  of  iron  and  steel  and 
thinking  of  it  as  having  been  made  to  run  forever.  I 
was  soon  disappointed.  The  trouble  was  that  when  I 
purchased  my  machine  I  did  not  buy  knowledge.  The 
salesman  did  not  sell  me  the  information  that  I  was 
entitled  to;  hence  my  heavy  repair  bills  and  unsatisfac- 
tory service. 

However,  the  machine  served  its  purpose,  and  con- 
vinced me  that  a  machine  properly  built  and  properly 
sold  is  a  great  labor  saver.  I  wanted  to  know  all  the 
good  points  of  my  power  machine.  I  plowed  all  kinds 
of  ground,  pulling  the  drag  behind,  put  in  fall  crops, 
baled  hay,  cut  ensilage,  threshed,  shelled  com,  ground 
feed,  sawed  wood  and  dragged  the  roads.  I  tried  to  do 
what  you  must  finally  accomplish,  make  this  power  ma- 
chine work  the  entire  year.  I  wanted  a  universal  ma- 
chine, one  that  would  work  all  the  time  and  do  all  the 
work.  To  accomplish  this,  we  must  first  have  a  ma- 
chine that  is  adapted  to  our  soil,  in  fact  to  all  our 
needs.  The  man  who  builds  the  universal  power  farm 
machine  that  fills  the  same  place  as  that  of  the  Ford 
car  in  the  automobile  world  will  be  doing  humanity  a 
valuable  service.  I  must  not  overlook  the  cost  consid- 
eration; the  cost  must  be  made  a  minimum  and  not 
maximum.  You  must  sell  us  the  kind  of  machine  we 
need,  at  the  right  cost;  you  must  also  sell  service.  If 
I  had  been  properly  advised  as  to  the  capabilities  of 
my  first  tractor  and  if  my  machine  had  been  properly 
maintained,  my  experience  would  have  been  more  satis- 
factory. Do  not  sell  a  machine  without  selling  knowl- 
edge with  it;  it  will  not  run  itself;  therefore,  sell  serv- 
ice also.    A  satisfied  customer  is  your  best  agent. 
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The  banker  will  grant  liberal  credits  on  the  assump- 
tion and  proof  that  the  foregoing  statements  and  sug- 
gestions are  carried  out.  You  will  not  sell  your  prod- 
uct on  present  prices  for  farm  products.  All  human 
agencies  are  now  working  to  reduce  high  costs.  You 
can  have  a  double  part  in  this  by  selling  your  product 
at  the  lowest  prudent  cost  and  by  making  your  product 
the  means  for  an  increased  production.  It  has  been 
estimated  that  about  $90,000,000  worth  of  farm  imple- 
ments, including  power  machinery,  was  sold  during  the 
past  year.  This  is  a  very  large  sum,  but  if  properly 
expended  it  should  bring  satisfactory  returns.  In  no 
other  line,  however,  do  I  know  of  any  such  waste  as  in 
farm  machinery.  Go  where  you  will  and  you  will  see 
the  best  farm  machinery  ever  placed  in  the  hands  of 
man  subjected  to  the  most  destructive  treatment;  no 
care  given  to  up-keep,  the  machines  exposed  to  the  ele- 
ments the  year  around  and  no  thought  given  to  the 
possibility  of  making  the  life  of  an  implement  long. 
This  is  one  of  your  tasks. 

The  banker  will  look  with  more  favor  on  the  time- 
payment  plan  when  he  is  assured  that  the  machines  you 
make  and  sell  will  be  cared  for.  The  principal  thing 
you  should  have  in  mind  is  to  produce  a  labor-saving 
device  that  will  make  for  more  economical  production. 
Farm  labor  is  getting  scarce  and  for  the  most  part  less 
desirable.  It  would  seem  that  the  Creator  made  a 
long  day  in  sunmier  so  that  man  might  have  more  time 
to  make  and  harvest  a  crop;  but  the  would-be  rulers 
and  dictators  of  labor  have  decreed  that  there  shall  be 
less  work  and  more  pay,  without  thought  of  the  equities 
or  necessities  of  the  majority  of  mankind.  Let  us  not 
minimize  the  importance  of  labor,  for  we  should  all  be 
laboring  in  some  field.  The  man  who  toils  is  always 
entitled  to  a  fair  share  of  the  fruits  of  his  labor,  but 
we  cannot  make  and  save  a  crop  in  this  changeable 
climate  with  our  limited  supply  of  human  help  in  an 
eight-hour  day  and  therein  lies  your  opportunity. 

ADDRESS  OF  R  F  CRAWFORD 

The  needs  of  the  tractor  industry  are  many.  I  shall 
speak  from  the  sales  standpoint.  I  come  in  contact  with 
the  tractor  industry  in  many  ways  and  get  the  views  of 
a  great  many  people  who  see  it  from  many  different 
angles. 

One  of  the  first  things  needed  in  the  tractor  indus- 
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try  is  to  make  standardized  tractors.  The  more  differ- 
ent models  of  tractors  there  are,  the  greater  the  sale 
of  tractors  is  hindered.  Take,  for  instance,  the  types 
of  tractors  that  are  on  exhibition  at  the  Tractor  Show. 
A  visitor,  whether  he  be  a  dealer  or  a  farmer  who  has 
never  used  or  handled  a  tractor  before,  becomes  so  puz- 
zled by  the  varied  tractor  types  he  sees  and  the  con- 
flicting advice  he  is  given  that  he  has  great  difficulty 
to  decide  what  tractor  to  buy.  I  do  not  mean  by  this 
that  all  tractors  should  be  alike,  but  I  wish  to  show  that 
all  these  different  types  and  practices  are  hindering 
the  progress  of  the  tractor  industry. 

Some  of  the  tractors  this  visitor  has  examined  are 
very  complicated.  All  of  them  look  complicated  to  the 
man  who  has  yet  to  learn  their  mysteries.  We  do  not 
realize  how  mysterious  these  things  appear  to  the  man 
who  has  not  yet  been  initiated.  Some  very  intelligent 
people  are  densely  ignorant  of  the  operation  of  gaso- 
line or  kerosene  engines.  A  friend  of  mine,  a  car 
owner,  divulged  the  fact  that  he  did  not  know  what 
the  gasoline  did  to  make  the  engine  go;  he  knew 
nothing  about  how  it  operated.  Another  gentleman  of 
my  acquaintance,  who  has  owned  and  used  cars  for 
years,  went  to  see  a  cut-out  exhibit  of  an  engine  and 
for  the  first  time  in  his  automobile  experience  learned 
the  principles  of  its  operation. 

It  is  necessary  that  engineers  work  to  simplify  en- 
gines. The  fewer  things  that  a  farmer  has  to  adjust, 
the  easier  it  will  be  for  him  to  operate  his  tractor  and 
the  less  expense  the  manufacturer  will  have  to  incur  in 
the  way  of  service.  The  engineer  who  develops  an  en- 
gine that  is  so  simple  that  it  is  but  a  matter  of  a  few 
hours'  time  for  a  man  of  average  intelligence  to  learn 
its  principles  and  how  to  operate  it,  will  reap  a  reward 
that  will  fully  repay  him  for  the  effort.  If  engineers 
would  consult  the  sales  department  when  preparing  to 
design  a  new  tractor  model  I  believe  they  would  gain 
something.  The  sales  department  can  frequently  make 
suggestions  that  will  avoid  having  a  machine  brought 
out  that  is  not  properly  balanced.  It  may  be  all  right 
from  an  engineering  and  a  manufacturing  standpoint 
but  all  wroiig  from  a  sales  standpoint;  or,  it  may  be 
all  right  from  the  sales  and  engineering  standpoints 
but  all  wrong  from  the  standpoint  of  manufacturing. 
Combining  the  three  requirements  is  not  easy,  but  an 
effort  to  do  it  is  worthy  of  any  engineer's  time. 
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It  may  be  that  it  is  impossible  to  simplify  the  designs 
of  engines  and  at  the  same  time  retain  all  the  good 
features  that  engineers  feel  must  be  embodied  in  an  en- 
gine to  make  it  successful.  I  feel  very  sure,  however,  that 
it  is  possible  to  standardize  and  simplify  the  types  of 
tractors  until  there  will  be  very  little  more  difference 
between  tractors  than  between  the  different  automo- 
biles of  today.  Engineers  who  are  designing  tractors 
can  learn  a  good  lesson  froin  the  way  in  which  auto- 
mobile designers  have  proceeded.  In  general  automo- 
bile construction  is  along  lines  that  do  not  make  it  so 
puzzling  to  users  as  the  tractor  seems  to  be. 

It  is  true  that  the  automobile  engine  is  not  worked 
to  its  limit  of  power  all  the  time  as  is  the  engine  on  a 
tractor.  It  does  not  have  the  same  dead  load  to  carry 
and  always  has  some  reserve  power.  The  man  who 
makes  provision  in  the  design  of  a  tractor  engine  to 
overcome  its  inclination  to  give  trouble  under  its  dead 
load,  and  makes  it  continue  its  operation  in  the  same 
reliable  way  that  an  automobile  engine  does,  will  have 
gone  a  long  way  toward  decreasing  the  amount  of 
effort  that  is  now  required  to  sell  tractors.  Tractors 
are  being  sold  extensively  and  the  supply  is  not  equal 
to  the  demand,  but  the  fact  remains  that  a  much  greater 
effort  is  necessary  to  sell  a  tractor  than  to  sell  an  auto- 
mobile. We  all  understand  that  this  is  not  wholly  due 
to  the  things  I  have  mentioned  in  connection  with  the 
tractor,  for  the  automobile  is  a  pleasure  proposition 
and  the  tractor  is  looked  upon  as  an  investment,  but  I 
am  very  confident  that  tractor  sales  would  be  doubled 
if  tractors  were  standardized  and  simplified  to  the  ex- 
tent that  automobiles  have  been. 
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By  Oliver  B  Zimmerman^ 

Among  the  problems  before  the  designers  of  plowing 
tractors,  none  is  more  important  than  that  of  ascer- 
taining the  most  economical  plowing  speed  at  which 
to  operate  a  tractor  to  give  first-class  work  at  a  mini- 
mum cost.  The  solution  must  be  right  from  both  the 
maunfacturer's  and  the  farmer's  standpoints.  A  va- 
riety of  soil  resistances,  different  speeds,  widths  and 
depth  of  cut,  types  and  shapes  of  plows  must  be  con- 
sidered. The  recently  published  draft  data  of  Profes- 
sor Davidson  of  Iowa  State  College  and  those  of  the 
Kansas  State  Agricultural  College  are  used.  They 
indicate  in  general  that  in  each  kind  of  soil,  whether 
heavy  or  light,  with  speed  increase  there  is  a  corre- 
sponding increase  of  draft,  the  amount  of  which  is  de- 
pendent upon  the  speed,  shape  of  plow  and  nature  of 
soil. 

The  further  experiments  made  relative  to  increased 
speed  and  draft  and  to  the  area  plowed  at  different 
speeds  are  described  and  discussed,  the  results  being 
shown  by  charts.  The  conclusions  reached  are  that  the 
acreage  plowed  decreases  markedly  with  increased 
speed,  that  the  lower  speeds  are  more  desirable  than 
the  higher  and  that  time  is  not  gained  by  high  speeds 
but  lost.  Seven  specific  factors  affecting  the  cost  of 
operation  are  considered  in  plotting  the  results  and  a 
complete  development  of  draft  curve,  horsepower  curve 
and  number-of-plow  curve  with  relation  to  miles  per 
hour,  is  combined  in  a  chart.  These  lead  to  ten  specific 
conclusions,  which  are  enumerated. 

Among  the  problems  before  the  designers  of  plowing 
tractors,  none  is  of  more  importance  than  that  of  select- 
ing proper  plowing  speeds.  As  the  variables  involved  are 
numerous  and  elusive,  only  by  careful  analysis  and  ex- 
periments can  their  relative  importance  be  ascertained 
and  the  deductions  made  of  value. 

The  problem  is  to  ascertain  the  most  economical  plow- 
ing speed  at  which  to  operate  a  tractor  to  give  first-class 
work  at  a  minimum  cost.  The  solution  must  be  one 
which  will  be  right  from  the  manufacturer's  standpoint 
as  well  as  from  that  of  the  farmer.  This  means  that  a 
variety  of  soil  resistances,  different  speeds,  widths  and 
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depths  of  cut,  forms  or  shapes  of  plows,  etc.,  must  be 
considered.  It  will  be  necessary  to  devote  most  of  this 
paper  to  the  question  of  what  becomes  of  the  power 
delivered  at  the  drawbar  and  to  assume  certain  standard 
conditions  about  which  the  argument  can  be  confinied. 

First,  taking  a  high-angle  view  of  the  situation  to 
simplify  the  analysis  and  using  two  well-designed  outfits, 
one  developed  to  travel  at  2  m.p.h.  and  draw  four  plow 
bottoms,  and  the  other  drawing  two  plow  bottoms  at  4 
m.p.h.,  if  it  is  assumed  for  the  moment  that  the  draw- 
bar horspower  is  equal  and  that  the  acreage  accomplish- 
ment in  the  same  time  is  equal,  what  conclusions  can  be 
drawn  from  the  comparison?  It  is  evident  that  the 
tractor  must  move  itself  and  the  plows  over  the  ground 
twice  as  far  in  one  case  as  it  does  in  the  other,  that  the 
number  of  turns  at  the  ends  in  one  case  is  double  that 
of  the  other  and  that  the  strains  due  to  striking  hidden 
obstructions  are  greater  at  the  higher  speed.  These  are 
the  factors  which,  in  the  main,  require  more  horsepower 
ahead  of  the  drawbar  at  the  higher  than  at  the  lower 
speeds,  and  proper  care  in  design. 

Next  consider  what  occurs  at  the  rear  of  the  drawbar. 
Here  it  is  assumed,  to  cover  a  reasonable  variety  of  soil 
resistance  and  number  of  plows,  that  15  drawbar  hp.  is 
available.  It  is  also  assumed  that  for  each  speed  from 
1  to  5  or  6  m.p.h.  the  engine  and  tractor  are  properly 
designed  for  the  speed  considered  and  of  equal  fuel  econ- 
omy per  horsepower  above  and  below  each  mile  of  speed, 
so  that  the  merging  shall  be  complete  and  uniform  from 
one  into  the  other  and  the  comparison  as  fair  as  possible. 

Increased  Speed  and  Draft 

For  basic  data  the  recently  published  draft  data  of 
Prof.  Davidson  of  Ames,  Iowa,  and  those  of  the  Kansas 
State  Agricultural  College  are  used,  as  these  tests  are  in 
complete  agreement  with  experimental  data  developed  by 
experienced  commercial  organizations  in  the  past  and 
used  by  them  in  present-day  designs.  The  data  mentioned 
indicate  in  general  that  in  each  kind  of  soil,  whether 
heavy  or  light,  with  the  increase  of  speed  there  is  a  cor- 
responding increase  of  draft,  the  amount  of  which  is  de- 
pendent upon  the  speed,  shape  of  plow  and  nature  of  soil. 

Fig.  1  is  typical  and  represents  much  of  interest  in 
that  between  the  limits  of  the  experiment,  over  a  range 
of  speeds  not  too  far  from  the  designed  rates  for  the 
various  kinds  of  plowshare,  the  plows  show  a  uniform 
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Fio.  1 — ^Uniform  Increasb  in  Draft  with  an  Increase  in  Speed 

increase  in  draft  with  an  increase  of  speed  and  the  draft 
is  illustrated  by  a  straight  line.  The  combination  plow 
bottom  was  experimented  with  at  two  speed  ranges.  It 
should  be  borne  in  mind  that  the  soil  resistance  is  very 
smAll  in  these  Kansas  tests.  In  percentages,  with  a 
stubble  plow  bottom  in  light  soil,  for  an  increase  of  1.3 
m.p.h.  above  2.2  m.p.h.,  the  draft  increase  is  240  lb.  or, 
stated  in  percentage,  a  59  per  cent  increase  of  speed 
causes  a  75  per  cent  increase  in  draft.  For  the  combina- 
tion plow  bottom  there  is  a  similar  set  of  figures ;  a  59  per 
cent  increase  of  speed  causes  a  66  per  cent  increase  of 
draft.  With  the  breaker  plow  bottom,  a  16.3  per  cent  in- 
crease of  speed,  3.5  to  5.7  m.p.h.,  causes  a  33  per  cent  in- 
crease of  draft,  450  to  600  lb.  The  deduction  is  clear.  With 
the  increase  of  speed  there  is  a  proportional  increase  of 
draft  and  the  less  abrupt  moldboard  has  the  least  resist- 
ance. The  same  is  shown  in  Prof.  Davidson's  data  (See 
Tig.  2),  where  an  increase  from  2  to  4  m.p.h.,  or  100  per 
cent,  causes  a  draft  increase  of  33  per  cent. 

Next  taking  up  the  horsepower  required  to  perform 
the  operation  and  translating  the  speed  and  draft  into 
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power,  it  will  be  noted  from  Fig.  2  that  not  only  must 
the  work  due  to  the  added  speed  be  accomplished  but  in 
addition  the  added  percentage  of  draft  must  be  provided 
for.  Hence  it  is  found  on  this  chart  that  in  speeding  up 
from  2  to  4  m.p.h.,  a  100  per  cent  increase  of  speed  re- 
quires an  increase  from  4.48  to  11.95  hp.  per  plow,  or  267 
per  cent. 

Fig.  3  is  a  diagram  of  horsepower  required,  illustrating 
the  relations  for  the  Kansas  tests  and  their  position  to 
a  constant  increase  line,  emphasizing  again  that  at  both 
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M.RH. 
Fig.   8 — HoRSEPOWKR  Requirkd  at  Different  Plowing  Speeds 


low  and  high  speed  the  effect  of  increased  speed  is  to  re- 
flect itself  in  much  increased  horsepower. 

Fig.  4  was  developed  from  the  tests,  giving  a  compari- 
son of  various  sizes  of  tractor  operating  at  various  speeds 
and  in  various  resistances  of  soil.  Data  were  obtained 
by  determining  at  the  various  speeds  how  many  plows 
the  tractor  indicated  would  pull.  By  cross-reading  from 
any  given  soil  resistance  at  the  left  and  from  a  point 
indicating  the  number  of  plows,  the  speed  at  which  they 
can  be  pulled  is  shown  at  the  curve;  575-lb.  soil  at  2 
m.p.h.,  four  plows,  15  drawbar  hp.  curve,  reads  2y2  m.p.h. 
Likewise,  a  given  tractor  speed  followed  to  the  curve  and 
then  to  the  left  to  intersect  a  vertical  line,  records  the  full 
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Fig.  4 — Comparison  of  DiFFBauBNT  Tractors  Operating  at  Various 
Speeds  with  Differbnt  Soil  Resistances 

number  of  plows  to  pull  in  that  soil ;  2  m.p.h.,  10  draw- 
bar hp.  curve,  630-lb.  soil  at  2  m.p-h.  reads  three  plows. 

Area  Plowed  at  Different  Speeds 

With  the  data  indicated  based  upon  careful  tests  in 
light  soil,  the  acreage  plowed  per  hour  by  the  tractor  at 
various  speeds  and  in  various  soils  can  be  plotted  as  in 
Fig.  5.  By  calculation,  the  curve  swinging  downward 
and  to  the  right  represents  the  curve  of  maximum  area 
or  acreage  which  can  be  plowed  economically  at  the  speeds 
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shown,  in  the  soil  indicated  and  with  the  designated  15 
drawbar  hp.  Intersecting  this  curve  are  various  radial 
lines  designating  the  path  on  the  field  of  various  num- 
bers of  plows  cutting  14  in.  in  width.  A  different  series 
of  radial  lines  would  be  drawn  should  10  or  12  in.  or  other 
bottoms  be  under  consideration.    This  chart  is  very  in- 
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Fia.  5 — Acreage  Pi-owed  per  Hour  at  Various  Speeds 
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structive  because  it  explains  many  factors  which  are  con- 
fusing or  hard  to  explain  when  field  accomplishments  are 
analyzed. 

The  sawtooth  lines  indicate  that  a  15  drawbar  hp.  en- 
gine, in  this  soil,  starting  at  2  m.p.h.,  would  begin  by 
plowing  at  the  rate  of  2.20  acres  per  hr.  The  acreage 
would  increase  with  an  increase  of  speed  up  to  2.50  acres 
per  hr.,  when  a  speed  of  about  2.25  m.p.h.  has  been 
reached.  At  this  point  the  drawbar  horsepower  has 
reached-  15  and  a  plow  is  dropped  off,  continuing  with 
seven  plows,  from  2.20  acres.  Again,  as  the  speed  ad- 
vances, the  acreage  increases  until  the  seven-plow  line 
cuts  the  maximum  when  another  plow  is  dropped,  and 
so  on. 

Now  considering  that  three  tractors  are  at  work  under 
the  same  conditions  and  drawbar  horsepower,  operating 
three,  four  and  five  plows,  which  are  designated  respec- 
tively as  C,  D  and  E,  at  such  speeds  as  will  cause  each 
to  plow  1.47  acres  per  hr.,  what  can  be  deduced  from  the 
location  of  these  three  points?  First,  the  three-plow  rig 
is  working  nearer  its  maximum  than  the  four  or  five-plow 
rigs,  since  the  distance  from  the  maximum  is  increasing 
or,  in  other  words,  C,  D  and  E  are  not  requiring  15  draw- 
bar hp.  and  the  five-plow  outfit  is  using  the  least  horse- 
power of  the  three  to  plow  the  same  acreage  in  the  same 
time.  Utilizing  the  full  15  drawbar  hp.,  the  acreage  is 
in  the  relation  of  three  plows  to  1.54  acres,  four  plows  to 
1.78  acres  and  five  plows  to  1.97  acres. 

Again,  taking  the  point  F,  a  two-plow  outfit  operating 
at  4  m.p.h.  covers  1.13  acres  while  the  same  outfit  fitted 
with  eight  plows  would  cover  at  2  m.p.h.  2.22  acres  or 
nearly  100  per  cent  more  acreage.  The  maximum  condi- 
tion using  15  drawbar  hp.  with  two  plows  is  1.25  acres, 
while  with  eight  plows  it  is  2.48  acres,  approximately  100 
per  cent  more  acreage. 

Admitting  that  this  diagram  does  not  compensate  for 
the  increased  weight  drawn  of  the  eight  over  the  two- 
plow  rig,  nor  for  the  fact  that  the  plow  shape  is  not  cor- 
rect for  the  widely  different  speeds,  nevertheless,  it  is 
positive  that  as  the  comparative  speeds  decrease  so  that 
the  two  are  only  small  percentages  above  and  below  the 
designed  speed  for  the  plow  under  given  conditions,  the 
identical  relation  holds  true.  The  corrections  mentioned 
would  tend  to  reduce  somewhat  the  acreage  at  the  lower 
speeds  to  an  extent  covered  by  the  power  absorbed  in 
hauling  the  added  weight  of  the  greater  number  of  plows 
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over  the  ground,  and  the  greater  speeds  would  reduce  the 
available  plowing  energy. 

Where  heavy  land  is  under  consideration,  much  the 
same  conditions  are  met  and  analyzed  in  Fig.  6.  It  is 
clear  from  both  Figs.  5  and  6  that  the  acreage  plowed 
decreceses  markedly  with  increased  speed  to  such  an  ex- 
tent that  correction  in  moldboard  design  or  reductions  in 
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Pia.  6 — Area  Plowed  at  Different  Speeds  with  15  Drawbar  Hp. 


Digitized 


by  Google 


Fia.  7 — Combination  Diagram  of  the  Areas  that  Can  Bb  Plowed 

WITH    DiB'FERENT    PLOW    BOTTOMS 


480 


Digitized 


by  Google 


TBACTOR  PLOWING  SPEEDS 


481 


1.5 


2.5 


4.5 


5.5 


3.5        4 
M.P.H. 
Fzo.  8 — Cost  of  Ofbbation  at  Dif^fbrbnt  Plowing  Speeds 


weight  cannot  overcome  the  deduction  that  the  loww 
speeds  are  more  desirable  than  the  higher.  It  is  also 
clear  that  time  is  not  gained  by  high  speeds ;  in  fact, 
time  is  lost. 

Occasional  analyses  of  field  demonstrations  have  led  to 
wrong  conclusions  because  the  machines  were  not  being 
compared  on  an  equal  basis,  a  condition  quite  impossible 
to  attain  except  theoretically  as  shown.  Two  cases  to 
illustrate  this  in  heavy  land  are  detailed  in  the  table 
at  the  bottom  of  page  482. 

This  indicates  that  the  ability  to  win,  in  a  plowing 
contest,  for  instance,  is  dependent  upon  the  relations 
which  exist  at  the  time  and  not  necessarily  upon  the 
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^la.  9 — Cost  Curve  Based  on  Two-Man  Operation  and  the  Cost 
OF  Plows,  Enqinb  and  Equipment 

efficiency  of  the  engine  and  outfit,  but  upon  the  relations 
of  the  possibilities  of  adjusting  the  speed  and  number 
of  plows  so  as  to  operate  close  to  the  line  of  maximum 
acreage.  In  this  case  the  low  speed  wins  once  and  loses 
once,  but  if  the  speed  of  3  m.p.h.  or  over  were  attempted 
by  either  tractor  in  this  land  it  would  be  unable  to  pull 
more  than  one  plow.    Similar  comparisons  in  Fig.  5  are 


Tractor 

1 
2 
1 
2 


Number  of 
Plows  Pulled 

3 
2 
2 
3 


Gear 

Low 
Plowing 
Plowing 
Low 


Speed, 
m.p.h. 

2.20 
2.75 
2.75 
1.75 


Area  Covered, 
acres 

0.92 
0.80 
0.80 
0.75 
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more  in  line  with  actual  experience,  as  the  deductions 
are  clearer,  although  this  soil  resistance  is  less  than 
usually  obtains. 

Fig.  7  combines  the  various  acreages  with  the  different 
plow  bottoms  in  one  diagram.  Aside  from  the  correct 
determination  of  the  proper  plowing  speed,  there  arises 
the  question  of  the  desirable  speed  for  hauling  equipment 
such  as  threshers  and  wagons  over  the  road,  the  drawing 
of  mowers,  binders  and  similar  farm  equipment  in  actual 
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operation.  This  question  is  outside  of  the  discussion. 
New  apparatus  could  and  will  be  designed  for  higher 
speeds,  but  it  must  be  evident  to  those  with  experience 
that  the  percentage  of  increase  in  economic  workable 
speeds  cannot  be  far  from  those  deduced  from  this 
analysis. 

Cost  of  Operation 

Data  on  this  subject  have  been  used  in  plotting  Fig.  8, 
which  are  indicated  by  experience  covering  the  following: 

(1)  First  cost  of  25-hp.  tractor,  plows,  tanks  and  sup- 
plies, a  constant,  $2,500 

(2)  Interest  on  the  investment  at  5  per  cent 

(3)  Depreciation  on  the  basis  of  8^  years  at  2  m.p.h.  to 
6  years  at  4  m.p.h. 

(4)  Repairs,  on  an  increasing  rate  from  6  per  cent  at 
2  m.p.h.  to  8^  per  cent  at  4  m.p.h. 

(5)  Labor,  at  40  cents  per  hr.  and  30  cents  per  helper 
on  over  four  plows 

(6)  Fuel  and  lubricant  for  quantity  on  the  basis  of  5 
per  cent  added  for  each  mile  of  increased  speed,  at 
the  market  prices  and  on  the  basis  of  65  per  cent 
transmission  efficiency  at  the  drawbar 

(7)  The  hours  of  operation  to  be  figured  at  500  per 
year,  based  upon  U.  S.  (government  records 

It  is  clear  that  the  cost  rises  rapidly  with  the  speed. 

The  same  facts  have  been  used  in  Fig.  9  introducing 
the  two-man  operator  feature  and  charging  the  actual 
cost  of  plows,  engine  and  equipment  used,  as  compared 
to  the  constant  cost  shown  in  Fig.  8. 

A  complete  development  of  draft  curve,  horsepower 
curve  and  number  of  plow  curve  with  relation  to  miles 
per  hour,  is  here  combined  in  one  chart  in  Fig.  10.  From 
this,  therefore,  the  conclusions  follow  that 

(1)  Placed  upon  a  comparable  basis  and  with  reason- 
able assumptions  supplementing  the  carefully  pre- 
pared and  conducted  experiments  used,  the  most 
economical  plowing  speeds  are  unquestionably  be- 
low 3  m.p.h.,  the  cost  rising  rapidly  from  about  2 
m.p.h. 

(2)  None  of  the  variables  which  have  been  left  out  of 
this  discussion  can  enter  into  the  question  to  a 
degree  that  will  overcome  the  evidence  indicated  by 
these  charts 

(3)  If  plows  were  designed  to  meet  higher  speeds  they 
can  help  only  in  reducing  the  greatly  increased 
costs  at  the  higher  speeds,  but  they  cannot  by  any 
means  veer  the  economic  point  above  3  m.p.h. 
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(4)  The  argument  for  better  breaking  up  of  the  soil  at 
the  higher  speeds  is  heavily  paid  for,  and  it  is  more 
economical  to  perform  the  operation  of  harrowing 
either  separately  or  behind  the  plows  than  to  try 
to  accomplish  it  by  rapid  plowing 

(5)  To  attain  the  very  best  results  with  the  plowing 
outfits,  speed  ratios  of  plow  gearing  and  throttle 
should  cover  the  ranges  from  1%  to  3  m.p.h.  This 
would  permit  the  most  flexible  ranges  to  meet  the 
various  soil  resistances  (See  Fig.  4) 

(6)  From  Fig.  6  it  appears  that  in  heavy  land  and  in 
plowing  up  to  8  in.  in  depth  with  small  tractors, 
greater  acreage  would  be  attained  by  the  use  of 
10  or  12-in.  instead  of  14-in.  plow  bottoms,  since 
more  of  the  sawtooth  points  will  thereby  meet  the 
economical  acreage  curve.  A  better  adjustment  of 
cutting  width  is  also  possible 

(7)  The  time  required  to  plow  1  acre  can  be  tabulated 
from  these  tests,  with  relation  to  the  number  of 
plows  pulled,  as  follows: 

Number  of  Plows  Heavy  Land,  hr.  Light  Land,  hr. 

2  1.212  0.643 

3  1.095  0.565 

4  1.000]  0.506 

5  *  0.926]  0.462 

6  i  0.426 

7  1  0.400 

(8)  The  low  limit  of  plowing  speed  is  obviously  the 
speed  which  will  permit  the  proper  scouring  of  tha 
moldboard.  This  speed  will  be  dependent  upon  soil 
conditions.  The  proper  moldboard  is  assumed  to 
have  been  chosen,  i.  e.,  one  whose  abruptness  and 
scouring  qualities  are  correct  for  the  conditions  to 
be  met 

(9)  The  cost  diagram,  using  two  operators  at  low 
speeds  and  with  five  or  more  plow  bottoms,  can  be 
further  cut  by  using  power  lift  equipment  where 
one  man  can  operate  up  to  eight  plow  bottoms 

(10)  This  presentation  indicates  that  much  needed  work 
can  be  carried  out  experimentally  to  improve  both 
engine  and  plows,  with  results  of  considerable  eco- 
nomic value  to  the  industry,  and  it  should  cause  a 
series  of  important  discussions  to  follow  the  analy- 
sis. 
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At  the  Motor  Boat  session  of  the  Society  held  at  New 
York  City  on  the  evening  of  Feb.  25,  much  of  interest 
was  presented  in  connection  with  the  plans  of  the  Society 
as  td  standardization  work  in  the  marine  field,  as  well  as 
several  papers  of  decided  value  to  those  engaged  in  the 
design  and  production  of  motor  boats  and  engines  and 
parts  therefor. 

Joseph  Van  Blerck,  chairman  of  the  Marine  Division  of 
the  Society's  Standards  Committee,  presided  and  opened 
the  meeting  with  a  convincing  statement  as  to  the  neces- 
sity of  securing  the  support  of  the  members  of  the  stand- 
ardization work  which  he  explained  is  of  great  value  and 
possibility  to  the  motor  boat  industry.  He  argued,  in  ad- 
dition, that  the  Society  should  hold  frequent  meetings  at 
which  motor  boat  engineering  subjects  would  be  taken 
up.  There  are  encouraging  signs  that  engineers  and 
draftsmen  working  in  the  motor  boat  field  will  indicate 
in  a  concrete  manner  their  appreciation  of  the  benefits  to 
be  derived  at  joint  engineering  deliberations. 

George  F.  Crouch,  professor  of  naval  architecture  at 
Webb  Naval  Academy,  discussed  present-day  require- 
ments of  marine  gasoline  engines  as  imposed  by  the  de- 
sign and  service  conditions  of  power  boats.  He  stated 
that  at  least  three  types  of  engine  are  needed  to  meet 
the  demands  in  this  connection. 

Commander  Holbrook  Gibson,  of  the  Submarine  Repair 
Base,  League  Island  Navy  Yard,  Philadelphia,  discussed 
extemporaneously  the  Diesel  engine  as  installed  in  Ger- 
man submarines,  speaking  specifically  of  U117.  After  the 
signing  of  the  armistice  Commander  Gibson  inspected 
forty  of  the  German  submarines  that  were  first  sur- 
rendered and  afterward  the  remaining  portion  of  the 
German  submarine  fleet.  He  explained  that  practically 
the  entire  German  submarine  fleet  was  equipped  with  the 
four-cycle  Diesel  engine  built  by  the  Machinenfabrik 
Augsburg-Niirnburg  in  four  sizes  of  300,  550,  1300  and 
1750  hp.  respectively.  All  of  the  engines  are  six  cylin- 
der, except  the  300-hp.  installation  which  is  ten  cylinder. 
Commander  Gibson  commended  highly  the  design  and 
workmanship  of  the  German  submarine  Diesel  engine. 

Mr.  Van  Blerck  spoke  on  the  possibility  of  quantity 
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manufacture  of  marine  engines  adaptable  for  other  pur- 
poses. He  explained  that  the  marine  engine  must  be  cap- 
able of  running  under  full  load  for  an  indefinite  time  at 
an  inclination  of  12  to  15  deg.  He  told  of  a  plan  in  the 
observance  of  which  it  was  expected  that  the  marine 
engine  should  have  the  advantages  of  quantity  produc- 
tion. He  exhibited  views  of  a  farm  tractor  engine,  one 
of  the  features  of  which  was  a  gear-driven  fan.  The  fly- 
wheel of  this  engine  which  was  designed  for  use  in  motor 
boats  and  motor  trucks,  also  is  mounted  in  the  rear.  He 
announced  that  his  experiments  had  indicated  that  it  is 
not  necessary  to  have  both  engines  running  outboard  in 
a  twin-screw  boat;  that  is,  that  both  engines  can  run  in 
the  same  direction  without  objectionable  operation.  The 
advantage  of  such  an  arrangement  is,  of  course,  the  pos- 
sibility of  using  two  "standard"  engines  in  such  con- 
struction, avoiding  the  employment  of  different  direc- 
tions of  rotations  of  the  oil-pump,  magneto,  water-pump,, 
generator  and  starting  pump,  as  well  as  the  need  of  dif- 
ferent camshafts. 

Mr.  Van  Blerck  also  referred  to  the  sliding  reverse 
gear  which  had  been  incorporated  in  the  powerplant  de- 
scribed, this  being  an  innovation  in  the  marine  field  ex- 
cept in  relatively  few  cases  where  automobile  engines 
had  been  used  in  motor  boats  together  with  an  automo- 
bile transmission.  In  this  reverse  gear  installation  the 
reverse  speed  is  82  per  cent  of  the  forward  speed. 

W.  C.  Davids  presented,  as  collaborator  with  0.  P. 
Sells,  an  abstract  of  papers  presented  at  earlier  meetings 
of  the  Society  containing  data  on  piston  performance  in 
engines. 
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COMMENTS  UPON  FUELS,  LUBRICANTS, 
ENGINE  AND  PISTON  PERFORMANCE 

By  William  C  Davids^ 

The  comments  the  author  makes  regarding  fuels, 
lubricants  and  engine  and  piston  performance  are  sug- 
gested by  pertinent  points  appearing  in  papers  pre- 
sented at  the  1920  Annual  Meeting  of  the  Society.  A 
list  of  these  papers  is  given.  The  subjects  upon  which 
comments  are  made  include  salability  of  a  calr,  engine 
balancing,  pressure  and  chemical  constitution  of  gaso- 
line at  the  instant  of  ignition,  the  use  of  aluminum 
pistons,  the  success  attending  the  various  departures 
from  orthodox  construction,  gasoline  deposition  in  the 
crankcase  and  cleanness  of  design,  as  stated  by  Mr. 
Tomeroy;  the  performance  of  a  finely  atomized  mixture 
of  liquid  gasoline  and  air  and  the  contamination  of 
lubricating  oil  by  the  fuel  which  passes  the  pistons,  as 
discussed  by  Mr.  Vincent;  the  dilution  of  lubricating 
oil  in.  engine  crankcases  and  the  saving  that  can  be 
effected  by  its  prevention,  as  mentioned  by  Mr.  Kramer; 
and  tight-fitting  pistons  and  special  rings  as  presented 
by  Mr.  Gunn. 

The  author's  remarks  are  largely  focused  on  pistons, 
rings  and  lubrication. 

The  comments  I  shall  make  regarding  fuels,  lubricants 
and  engine  and  piston  performance,  are  suggested  by 
some  of  the  pertinent  points  appearing  in  the  following 
papers  presented  at  the  1920  Annual  Meeting  of  the 
Society : 

Tendencies  in  Engine  Design  (By  L.  H.  Pomeroy) 
Dilution  of  Ehgine  Lubricants  by  Fuel  (By  Gustave  A. 

Kramer) 
Adapting  Engines  to  the  Use  of  Available  Fuels  (By 

J.  G.  Vincent) 
Aluminum  Piston  Design  (By  E.  G.  Gurni) 

The  quotations  are  as  stated  and  my  comments 
thereon  are  appended. 

Mr.  Pomeroy: — ^If  there  is  one  thing  certain,  it  is  that 
a  bad  car  is  not  salable  very  long,  even  by  the  most 
skilled  sales  department 

The  facts  seem  to  support  this  statement  in  the  main; 
yet  engines  are  being  sold  in  which  the  manufacturers 
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have  made  little  or  no  attempt  to  alleviate  the  inherent 
faults  which  have  been  mentioned  in  the  papers  being 
considered. 

Mr.  Pomeroy: — Engine  balancing  has  also  been  the 
subject  of  much  attention 

Crankshafts  have  been  hollowed,  crank-throws  coun- 
ter-weighted, rods  and  pistons  lightened,  and  much 
minute  care  has  been  taken  to  have  the  mechanical  mov- 
ing parts  balanced.  The  major  factors  in  balancing  an 
engine  during  the  development  of  power  are  those  men- 
tioned in  the  foregoing  papers,  including  dry  fuel  thor- 
oughly mixed  and  warmed  at  the  time  of  ignition,  an 
even  and  rapid  *  flame-propagation  rate  and  a  proper 
lubrication  of  parts. 

In  these  papers  there  is  no  mention  of  uniformity 
of  compression  or  of  the  pressure  required  which  will 
best  facilitate  the  obtaining  of  a  dry  fuel  mixture  and 
an  increase  in  temperature,  so  as  to  permit  ease  of 
ignition  and  a  rapid  and  even  flame-propagation  rate. 
Uniform  compression  cannot  be  obtained  without  per- 
fect valve  and  valve-seat  contacts  and  having  the  pis- 
tons properly  packed.  Engines  that  have  more  or  less 
variation  of  compression  in  the  different  cylinders,  from 
5  to  20  per  cent  frequently  in  actual  operation,  are  much 
more  out  of  balance  than  engines  not  having  carefully 
balanced  crankshaft,  rods  and  pistons.  The  mechanical 
balancing  of  the  engine  can  and  should  be  made  effective 
by  packing  the  joint  between  the  wall  of  the  cylinders 
and  the  wall  of  the  pistons  so  that  it  will  not  leak. 
A  uniform  compression  can  then  be  obtained  and  the 
pressure  increased,  so  as  to  raise  the  temperature  of 
the  fuel,  increase  its  dryness,  impregnate  the  air  with 
the  gasoline  in  minute  particles,  provide  ease  of  igni- 
tion and  assist  in  a  rapid  flame-propagation  rate. 

Mr.  Pomeroy: — In  a  mixture  of  g^asoline  and  air,  it 
apparently  depends  upon  the  pressure  and  chem- 
ical constitution  of  the  gasoline  at  the  instant  of 
ignition  rather  than  upon  the  temperature 

Mr.  Pomeroy  presumably  refers  to  the  temperature 
obtained  by  preheating. 

Mr.  Vincent: — It  is  conceivable  that  a  finely  atomized 
mixture  of  liquid  gasoline  and  air  can  be  made  to 
perform  as  well  as  a  dry  mixture 

Mr.  Pomeroy: — The  use  of  aluminum  pistons  enables 
the  inertia  forces  in  a  four-cylinder  to  be  reduced 
very  considerably  below  those  in  an  eight-cylinder 
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engine  of  the  same  capacity  using  cast-iron  pis- 
tons and  if  aluminum  connecting-rods  also  are  used 
the  wear  and  tear  on  the  engine  is  cut  literally  in 
half  at  the  source 

Yet  in  the  face  of  this  statement,  manufacturers  are 
this  year  abandoning  the  use  of  great  quantities  of  pis- 
tons which  are  such  an  ally  to  the  smooth,  quiet  and 
efficient  operation  of  the  engine.  Is  it  not  due  to  the 
fact  that  the  aluminum  pistons  are  more  difficult  to  pack 
than  cast-iron  and  that  sufficient  care  and  thought  have 
not  been  directed  to  sealing  the  joint  between  the  cylin- 
der and  the  piston  wall? 

Mr.  Pomeroy: — The  success  attending  the  various  de- 
partures from  orthodox  construction  is  a  very  use- 
ful object  lesson  that  no  established  construction 
is  beyond  improvement 

The  method  long  in  use,  comprising  the  turning  of 
grooves  around  and  into  the  pistons  and  snapping  into 
them  a  ring  made  of  cast  iron,  of  many  different  styles 
or  patterns,  merely  because  of  previous  practice,  has 
been  what  might  be  termed  orthodox  construction.  Is 
it  not  high  time  that  these  old  methods.were  made  obso- 
lete and  that  pistons  be  packed  in  a  practical  manner? 

Mr.  Pomeroy: — The  subject  of  gasoline  deposition  in 
the  crankcase  is  one  of  more  practical  importance 
than  a  problem  involving  physical  speculation. 
With  prewar  gasoline  the  maximum  absorption  was 
about  4  per  cent.  Nowadays,  when  fully  one-third 
of  standard  gasoline  does  not  vaporize  under  a  tem- 
perature of  140  deg.  cent.  (284  deg.  fahr.),  deposi- 
tion is  much  more  serious 

Mr.  Vincent: — The  third  item  in  order  of  importance 
insofar  as  the  owner  is  concerned,  is  the  contamina- 
tion of  the  lubricating  oil  by  the  fuel  which  passes 
the  pistons.  This  is  a  serious  problem,  for  few 
owners  will  go  to  the  trouble  of  draining  off  the 
oil  at  comparatively  short  intervals.  In  conse- 
quence, the  lubricating  system  soon  becomes  filled 
with  a  mixture  of  fuel  and  oil  of  little  or  no  lubri- 
cating value 

Mr.  Kramer: — Parallel  with  the  decline  in  the  vola- 
tility of  commercial  gasoline,  complaints  have  ap- 
peared with  increasing  frequency  of  engine  lubri- 
cation troubles  resulting  from  the  dilution  of  the 
lubricating  oil  in  engine  crankcases.  The  trouble 
is  particularly  pronounced  in  tractor  engines  where 
economy  demands  the  use  of  the  cheapest  possible 
grade  of  fuel.     How  much  of  the  trouble  reported 
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is  really  caused  by  dilution  of  the  lubricant  would 
be  difficult  to  trace.  Nevertheless  it  must  be  ad- 
mitted that  the  problem  does  exist  and  that  it  is 
becoming  more  serious  with  the  steady  decrease 
in  volatility  of  internal-combustion  engine  fuel. 
Inasmuch  as  this  decrease  is  due  to  an  increased 
demand,  no  relief  through  an  increase  in  volatility 
of  the  fuel  is  in  sight.  The  situation  must  then  be 
squarely  faced  by  the  engineers  of  the  country  and 
attacked  from  every  direction  that  promises  a  solu- 
tion  of  the  problem 

The  first  and  most  satisfactory  solution  of  the 
problem  is  to  prevent  dilution  of  the  oil 

Moreover,  even  the  best  fitting  pistons  and  rings 
allow  some  of  the  cylinder  charge  to  leak  into  the 
crankcase  during  compression 

The  statements  of  these  engineers  definitely  bring  the 
seat  of  the  trouble  to  the  unobstructed  passage  from  the 
combustion  chamber  to  the  crankcase,  by  way  of  the 
space  between  the  walls  of  the  cylinders  and  the  walls 
of  the  pistons.  If  the  best  fitting  pistons  and  rings 
allow  passage  of  fuel  or  oil,  it  is  evident  that  they  do 
not  function  to  accomplish  their  purpose  and  therefore 
are  faulty  in  design,  application  or  material.  A  definite 
theory  should  be  evolved  for  packing  the  piston,  and  from 
thi^  theory  a  standard  method  should  be  developed  which 
will  prove  successful  in  practice.  When  this  has  been 
accomplished,  the  old  orthodox  rule  will  be  greatly  dis- 
turbed if  not  definitely  abandoned.  Mechanics  will  then 
become  as  accustomed  to  grinding  piston  packing  rings 
to  their  seats  on  the  fianges  of  the  piston  as  they  are  now 
accustomed  to  grinding  valves  to  their  seats ;  this  should 
be  so,  as  the  valves  and  the  piston  packing  are  holding 
against  the  same  chamber  content.  Why  favor  one  and 
neglect  the  other?  Cylinder  walls  should  be  straight, 
round  and  well  finished,  so  that  the  packing  can  readily 
obtain  perfect  contact  with  the  cylinder  walls  and  main- 
tain such  contact  indefinitely. 

Mr  Kramer: — The  saving  effected  with  engines  requir- 
ing a  frequent  renewal  of  the  oil  on  account  of  ex- 
cessive dilution,  would  soon  pay  for  the  cost  of  the 
additional  equipment,  even  at  the  present  high 
price  of  lubricants 

The  orthodox  rings  can  be  enumerated  as  the  plain, 
the  angle  cut  and  the  lap-joint  types,  either  eccentric 
or  concentric.  The  majority  of  engine  manufacturers 
are  using  a  ring  of  one  of  these  forms.  Practice  for  the 
past  fifteen  years  has  proved  that  the  joint  between  the 
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walls  of  the  cylinders  and  the  walls  of  the  pistons  cannot 
be  closed  with  rings  of  these  types.  The  statements  of 
the  authors,  to  which  reference  has  already  been  made, 
support  this  statement.  It  is  therefore  apparent  that 
the  method  of  packing  pistons  which  has  been  in  vogue 
for  years  should  be  made  obsolete  and  a  more  practical 
and  efficient  method  devised. 

The  valves  have  a  continuous  seat  surface.  Such  a 
surface  is  provided  on  the  flanges  of  the  grooves  of  the 
pistons  and  is  applicable  for  the  seating  of  piston-rings. 
The  valves  have  a  continuous  face  for  seating  and,  when 
ground  to  the  seat  as  mentioned,  make  a  closed  contact 
between  the  valve  and  the  seat  and  prevent  the  passage 
of  combustion-chamber  content  during  compression. 

Piston-rings  have  been  produced  that  provide  a  con- 
tinuous-ring seating  face.  If  this  face  were  ground 
to  the  seat  of  the  piston-groove  flange,  in  like  manner 
to  that  in  which  a  valve  is  ground  to  its  seat,  there 
would  be  no  material  passing  that  joint.  It  then  re- 
mains to  close  the  gap  at  the  ends  of  the  ring,  and  ta  seal 
those  ends  against  the  wall  of  the  cylinder.  When  this 
is  accomplished  and  the  rings  make  full  contact  with 
the  inner  circumference  of  the  cylinder,  the  gap  between 
the  piston  wall  and  the  cylinder  wall  will  be  closed. 
There  should  then  be  no  passage  of  fuel  or  residue  from 
the  combustion  chamber  by  way  of  the  pistons.  This 
method  provides  for  the  packing  of  pistons  against  com- 
pression, and  against  compression  only.  It  does  not 
follow  that  when  a  piston  is  practically  packed  against 
compression  it  is  packed  against  suction  also.  For  ob- 
vious reasons  it  is  much  more  difficult  to  pack  a  piston 
against  suction  than  to  pack  it  against  compression. 

Mr.  Gunn: — When  too  much  oil  is  thrown  into  the 
cylinder    bores,    tight-fitting    pistons    and    special 
rings  will  not  completely  overcome  the  trouble 
A  similar  statement  was  made  by  H.  Cooke  when  dis- 
cussing Diesel  engines  at  the  January,  1920,  Pennsyl- 
vania Section  Meeting.     Each  of  these  statements  has 
reference  to  lubricating  oil  passing  the  piston  and  going 
up  into  the  combustion  chamber,  producing  the  undesir- 
able conditions  with  which  all  are  familiar.    To  prevent 
the  passage  of  the  lubricant  upward  along  the  piston 
and  into  the  combustion  chamber,  it  will  be  necessary 
to  pack  the  joint  in  like  manner  to  that  described  for 
compression,  except  that  the  seat  contacts  of  rings  and 
groove  flanges  will  need  to  be  reversed  and  made  at  the 
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top  of  the  ring-groove  flange,  not  at  the  bottom  as  for 
compression.  When  this  has  been  accomplished,  the  prob- 
lem of  obtaining  sufiicient  wall  tension  of  the  ring  pre- 
sents itself,  for,  unlike  packing  for  compression,  there  is 
no  compression  back  of  the  suction  ring.  Naturally,  the 
suction  ring  would  need  to  be  in  the  first  groove  above 
the  wrist-pin,  functioning  so  as  to  shut  off  the  passage 
of  oil  and  air  at  that  point  and  thus  preventing  its  pas- 
sage from  the  crankcase  to  the  combustion  chamber.  The 
only  pressure  that  would  be  effective  against  this  suc- 
tion ring,  would  be  that  of  the  difference  between  the 
atmospheric  pressure  in  the  crankcase  and  the  suction 
vacuum  in  the  combustion  chamber.  It  leaves  the  func- 
tioning of  the  ring  dependable  upon  the  inherent  eat- 
pansion  tension  which  has  been  developed  in  the  ring. 
Assuming  that  the  tension  of  the  ring  is  10  lb.  per 
sq.  in.  and  that  the  ring  is  y^  in.  wide,  there  would 
be  2^-lb.  pressure  exerted  per  lineal  inch  of  ring. 
This  is  suflkient' pressure  to  hold  the  ring  against  the 
wall  when  oils  having  a  viscosity  of  about  250  deg.  are 
used,  and  sufficient  drainage  is  provided  through  the 
wall  of  the  piston  to  provide  egress  of  all  excess  oil  that 
is  in  transit  between  the  cylinder  and  piston  walls. 
When  an  oil  having  a  greater  viscosity  is  used,  the 
pressure  it  creates  against  the  ring  increases  to  the 
extent  that  the  ring  is  caused  to  collapse  and  recede  into 
its  groove,  permitting  the  oil  to  pass  on  up  and  past  the 
piston  into  the  combustion  chamber.  In  instances  of 
this  kind,  it  is  practicable  to  place  a  second  ring  on  the 
piston  in  like  manner  as  the  first,  except  that  it  will  not 
be  necessary  to  provide  the  same  amount  of  drainage. 

Mr.  Ck)oke  also  stated  that  the  Diesel-engine  cylinder 
must  be  lubricated  without  excess,  and  that  gravity 
lubrication  is  suitable  for  use  on  engines  with  trunk- 
type  pistons.  This  becomes  a  very  practical  method  of 
lubrication  for  the  large-type  engines  when  the  pistons 
are  packed  in  the  practical  manner  here  described,  and 
is  much  more  simple,  efficient  and  cleaner  than  that  of 
the  spray  system  from  the  crankshaft. 

Pistons  that  are  lubricated  by  the  oil-spray  from  the 
crankcase  and  are  so  poorly  packed  as  to  permit  uncon- 
sumed  fuel  and  combustion  residue  to  pass  to  the  crank- 
case, give  off  an  offensive  odor  when  the  crankcase  is 
opened.  Commander  Gibson,  in  charge  of  the  Diesel 
engine  of  the  German  submarine  U-117,  at  the  Phila- 
delphia Navy  Yard,  stated  that  he  and  his  men  could 
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readily  detect  a  good  engine  from  a  bad  one  by  the 
odor  it  emitted. 

Mr.  Pomeroy: — Cleanness  of  design,  both  outside  and 
inside,  is  being  appreciated  more  every  day.  The 
day  is  rapidly  approaching  when  the  public  will 
demand  that  the  automobile  shall  not  be  a  means 
of  transportation  only,  but  susceptible  of  artistic 
treatment  in  just  the  same  degree  as  a  yacht  or  a 
house.  The  first  law  of  beauty  in  construction  of 
any  kind  is  that  the  part  shall  be  the  one  best 
fitted  for  the  purpose 

Pack  engine  pistons  practically,  in  the  manner  best 
suited  for  this  purpose;  eliminate  the  flow  of  fuel  and 
lubricants  past  them;  annihilate  the  tell-tale  odor;  pre- 
vent the  waste  of  fuel  and  lubricants  and  improve  the 
maintenance. 

THE    DISCUSSION 

Chairman  Joseph  Van  Blerck: — I  think  that  Mr. 
Davids'  views  are  well  stated  as  regards  stopping  the  oil 
from  passing  the  pistons,  but  that  as  to  keeping  the  \in- 
burned  fuels  from  passing  the  piston,  he  is  starting  at 
the  wrong  end.  With  perfect  combustion  there  need  be 
no  concern  about  the  piston,  as  far  as  allowing  the  un- 
bumed  fuels  to  pass  it  is  concerned.  I  have  been 
watching  this.  On  marine  engines  there  are  water- 
jacket  manifolds  and  they  are  necessary,  but  a  great 
many  engines  have  been  ruined  in  the  past  by  the  build- 
ing up  of  the  lubricating  oil  in  the  crankcase,  since  we 
have  been  forced  to  contend  with  the  heavier  fuels.  On 
the  engine  we  are  building  we  have  a  hot-spot  mani- 
fold. We  are  satisfied  that  we  have  excellent  combus- 
tion and  that  we  have  it  immediately  after  the  engine  is 
started.  The  exhaust  manifold  will  in  some  cases  be- 
come fairly  hot,  but  we  feel  that  this  slight  advan- 
tage is  well  enough  off-set  to  be  disregarded  when  we 
consider  the  great  advantage  we  are  obtaining.  We 
are  not  concerned  about  the  pistons;  the  better  pistons 
we  can  make  the  better  we  can  pack  them  and  the  more 
oil  we  can  circulate  through  the  bearings.  Some  years 
ago  when  we  first  started  the  pressure  oiling  system  our 
task  was  to  keep  the  oil  away  from  the  cylinders;  but 
as  we  made  better  pistons  and  better  piston  rings  we 
were  able  to  increase  the  oil  pressure.  We  hope  in  the 
future  to  put  considerably  more  oil  through  the  bear- 
ings than  we  are  able  to  put  at  present. 
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THE  DIESEL  ENGINE  OF  THE  GERMAN 
SUBMARINE  U-117 

By  Commander  Holbrook  C  Gibson,  U  SN^ 

Shortly  after  the  armistice,  the  author  witnessed  the 
surrender  of  the  German  submarine  fleet  and  subse- 
quently inspected  40  of  the  170  submarines  first  sur- 
rendered. He  also  inspected  185  submarines  in  Ger- 
many. Practically  all  the  eng^ines  were  of  the  Machin- 
enfabrik  Ausburg-Niirnburg  four-cycle  Diesel  type, 
of  300,  550,  1200  and  1750  hp.  There  were  but  five 
Krupp  two-cycle  engines.  Brief  comment  is  made  re- 
garding the  design  of  these  engines. 

The  author,  who  supervised  the  dismantling  of  the 
German  submarine  U-117  at  the  Philadelphia  Navy 
Yard,  gives  a  detailed  description  of  its  engines,  which 
were  of  the  1200-hp.  type.  This  includes  comments  re- 
garding materials,  design  details,  valve  mechanism, 
starting  and  reversing  gear,  lubrication,  cooling  and 
accuracy  of  workmanship.  The  air-compression  system 
and  some  of  its  auxiliaries  are  outlined. 

In  conclusion,  the  author  believes  that  the  Diesel 
engine  is  not  a  cheap  product  and  cannot  be  made 
cheaply  and  run  with  any  great  success  or  reliability. 
He  is  confident  that  the  Diesel  engine  is  past  the  ex- 
perimental stage  and  that  it  is  a  practical  proposition. 

Shortly  after  the  armistice,  I  had  the  good  fortune  of 
witnessing  the  surrender  of  the  German  submarine  fleet. 
The  most  noticeable  thing  was  that  the  submarines  came 
in  maneuvering  on  their  engines.  They  did  not  do  it 
theoretically;  they  did  it  practically.  Following  this  I 
was  sent  on  a  mission  to  inspect  submarines.  I  in- 
spected about  forty  of  the  170  German  submarines  that 
were  at  first  surrendered.  I  then  went  to  Germany  and 
inspected  the  remainder  of  the  German  submarine  fleet, 
about  185  vessels;  some  of  them  were  new  and  others 
were  in  various  stages  of  completion  and  repair. 

We  found  that  practically  all  of  the  engines  were  of 
the  Machinenfabrik  Ausburg-Niirnburg  four-cycle  Diesel 
type.  In  the  submarine  service  during  and  prior  to  the 
war,  we  had  always  believed  that  the  two-cycle  engine 
was  the  only  type  worth-while.  The  Germans  evidently 
did  not  share  this  opinion.  We  found  that  there  were 
but  five  Krupp  two-cycle  engines,  and  that  all  were  out 
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of  repair.  Practically  the  entire  German  submarine  fleet 
was  equipped  with  the  Machinenfabrik  Ausburg-Nurn- 
burg  four-cycle  Diesel  engine,  divided  into  four  very  dis- 
tinct classes  of  300,  550,  1200  and  1750  hp. 

While  riding  in  one  of  the  former  German  admiral's 
barges,  I  noticed  that  y/e  were  going  very  fast,  then  that 
we  stopped,  backed  and  went  ahead  very  quickly,  much 
more  quickly  than  in  any  motor  boat  I  had  ever  been  in 
before.  I  found  the  barge  was  equipped  with  a  beautiful 
100-hp.  air-starting  Diesel  engine.  Later,  at  Hamburg, 
we  found  two  engines  of  the  3000-hp.  type,  vdth  ten 
cylinders.  But  they  are  all  of  the  Machinenfabrik  Aus- 
burg-Numberg  type,  and  they  all  have  the  same  funda- 
::iental  principles;  the  only  difference  being  that  they 
make  certain  mechanical  changes  in  the  design  as  the 
engines  increase  in  horsepower.  The  100-hp.  and  the 
300-hp.  six-cylinder  engines  run  at  550  r.p.m. ;  the  550-hp. 
and  the  1200-hp.  run  at  450  r.p.m.  When  they  jump  up 
to  the  1750-hp.  engine  they  cut  down  the  speed  to  390 
r.p.m.  It  is  a  very  noticeable  fact  that  they  are  all  six- 
cylinder  engines,  with  air  compressor  and  spray  air  in- 
jection, except  the  3000-hp.  engines,  which  have  ten  cyl- 
inders. They  ignore  the  eight-cylinder  unit.  There  is 
a  reason  for  jumping  from  six  to  ten  cylinders.  We  have 
a  number  of  eight-cylinder  engines  on  our  submarines, 
and  they  are  giving  trouble  in  some  cases. 

The  Engines  of  the  U-117 

We  brought  back  several  of  the  submarines,  but  not 
until  after  all  the  Allied  countries  had  taken  what  they 
wanted,  and  our  boats  had  been  abandoned  for  six  months. 
The  engine  hatches  had  been  left  open,  and  the  engines 
were  not  even  drained  down.  However,  we  crossed  the 
Atlantic  with  them  and  nothing  happened. 

I  have  had  the  good  fortune  of  dismantling  the  German 
submarine  U-117  at  the  Philadelphia  Navy  Yard.  We 
have  taken  out  the  engines,  which  are  of  the  1200-hp. 
type,  a  typical  engine  which  was  used  more  than  any 
other  type  in  the  German  submarine  service.  It  has  six 
cylinders,  with  an  air-compressor  on  the  forward  end. 

To  my  mind  the  submarine  Diesel  engine  is  a  special 
breed.  It  bears  the  same  relation  to  the  Diesel  engine 
industry  as  the  aviation  engine  bears  to  the  gas-engine 
industry.  It  must  be  an  engine  with  the  greatest  strength, 
of  the  lightest  weight,  and  must  stand  the  most  severe 
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treatment;  most  important  of  all,  it  must  be  reliable  and 
accessible;  it  must  be  everything  that  it  is  difficult  for 
an  engine  to  be.  The  Germans  have  done  things  that  we 
have  not  done.  They  have  overcome  certain  difficulties 
that  were  bothering  us.  We  were  getting  along  fairly 
well,  but  they  were  getting  along  somewhat  better.  Any 
country  which  staked  its  all  on  a  submarine  campaign 
must  have  had  some  good  ideas  to  start  with.  The  Ger- 
mans made  some  very  beautiful  castings ;  they  are  really 
remarkable;  light,  clean,  and  made  of  steel.  Everyone 
who  looks  at  the  castings  admires  them. 

The  six-cylinder  engine  is  made  in  three  sections.  In- 
stead of  being  bolted  on  the  flange,  the  bedplate  comes 
right  up  and  forms  what  might  be  termed  the  housing; 
the  bedplate  and  housing  are  integral  and  thoroughly 
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ribbed.  The  sides  of  the  cylinders  come  down  and  are 
bolted  to  each  other.  The  cylinder  jackets  come  out  in 
a  skirt,  and  that  skirt  gives  the  vertical  structure  and 
strength.  With  this  casting  and  cylinder  jackets  bolted 
together,  a  very  rigid  construction  is  obtained,  but  one 
that  is  very  light,  comparatively  speaking;  lighter  than 
cast-iron  construction.  The  engines  have  a  one-piece 
crankshaft,  with  six  throws,  and  two  throws  for  an  air- 
compressor  on  the  forward  end.  The  workmanship  is 
excellent.  We  put  calipers  on  the  main  bearings  and  on 
the  crankpins,  and  we  could  find  no  difference  down  to 
0.0001  in.  The  usual  connecting-rod  construction  is  used 
with  an  eye  in  the  upper  end  for  the  wrist-pin.  This 
engine  runs  at  450  r.p.m.  and  has  a  16y2-in.  stroke,  so 
the  piston  speed  is  very  high. 

We  tested  the  cylinders  with  calipers  and  they  are  all 
round  after  running  some  40,000  miles,  which  is  very 
remarkable.  The  pistons  have  five  piston-rings,  and  the 
pistons  taper  gradually  from  the  top  to  the  bottom  work- 
ing ring.  The  piston,  which  is  17%  in.  in  diameter,  is 
run  with  0.010  and  0.014-in.  clearance.  The  wrist-pin 
bearing  runs  at  0.004-in.  clearance,  which  also  is  remark- 
able. The  usual  practice  in  this  country  is  to  put  an 
oriinary  shell  or  bushing  in  the  eye  of  the  connecting- 
rod.  It  is  sometimes  of  babbitt  and  sometimes  of  bronze, 
and  comparatively  narrow;  it  does  not  extend  out  to  any 
distance  on  the  sides  of  the  connecting-rod.  The  pres- 
sure is  very  high,  and  incidentally  it  is  very  warm  in 
there.  The  Germans  circumvented  any  difficulty  in  that 
place  by  putting  in  a  steel  shell  or  cap,  which  might  be 
called  a  steel  support;  it  is  double  the  width  of  the  con- 
necting-rod. In  other  words,  they  took  the  extreme  width 
of  the  piston  inside,  as  much  as  they  could,  and  made  it  a 
wrist-pin  bearing.  That  wrist-pin  bearing  is  babbitt  and, 
for  some  reason  which  I  do  not  know,  the  wrist-pin  is 
hard.  In  other  words,  the  construction  is  practically  the 
same  as  in  an  ordinary  crankshaft  bearing  with  a  hard- 
ened pin.  It  is  absolutely  smooth  and  round  and  straight. 
To  show  how  these  wrist-pin  bearings  can  take  care  of 
the  excessive  pressures,  when  we  dismantled  this  engine 
we  found  that  two  of  the  cylinders  were  badly  scored. 
We  traced  this  back  to  the  fact  that  when  this  boat  was 
surrendered  the  muffler  stop  valves  had  been  left  open 
and  the  rain  water  had  rusted  two  cylinders.  At  the 
time  we  knew  nothing  about  that,  but  started  the  engine 
and  ran  home  on  it.    Also,  one  air-compressor  cylinder 
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was  80  badly  scored  that  the  lower  end  was  streaked  and 
cracked,  but  still  it  ran  well.  There  was  no  excessive  heat, 
and  not  a  sign  of  wear  on  the  wrist-pin  bearings.  In 
our  own  engines  it  is  very  difficult  to  ascertain  what 
causes  the  trouble  in  case  of  a  piston  seizure;  whether 
the  wrist-pin  or  the  piston  grabs  first  and  causes  the 
wrist-pin  to  seize. 

In  this  Diesel  engine  we  found  that  one  of  our  greatest 
troubles  had  been  overcome  in  a  simple  way.  The  cylin- 
der heads  are  round  and  flat,  and  about  1  ft.  thick.  They 
are  plain  ordinary  castings,  with  inlet  and  exhaust  valves 
diametrically  opposite  on  the  center  line  of  the  engine, 
an  air  starting  valve,  a  relief  valve  and  a  two-spray 
valve.  The  two-spray  valve  construction  is  carried  out 
in  all  their  engines,  from  the  650-hp.  size  up.  I  have 
been  asked  the  reason  for  the  two-spray  valves.  There 
are  several  good  reasons.  They  have  the  exhaust  valve 
and  the  inlet  valve  as  large  as  possible.  There  are  two 
round  holes  in  the  head  and  a  round  cylinder.  If  those 
holes  are  brought  together  there  is  no  place  for  a  spray 
vaive,  and  if  the  valve  holes  are  made  small  enough  to 
get  a  spray  valve  in  between,  the  whole  head  is  weakened. 
So,  when  they  needed  great  power,  they  used  the  two- 
spray  valves.  The  two-spray  valve  construction  works 
very  well  and  a  very  good  atomization  of  fuel  is  ob- 
tained. 

It  has  been  asked  how  they  manage  to  make  both 
spray  valves  lift  at  the  same  time;  that  is,  so  that  one 
does  not  lift  without  the  other,  and  so  cause  irregular 
firing.  This  is  simple  when  explained  but  consists  of 
several  steps.  What  they  have  is  a  cross;  it  might  be 
called  a  crosshead  guide,  which  goes  up  in  the  middle 
to  lift  the  two  valve-stems.  Where  the  crosshead  guide 
takes  on  the  valve-stem,  they  have  a  self-aligning  bear- 
ing or  dished  washers.  When  the  valve  is  being  set, 
one  valve  is  lined  up  first  and  then  the  other  valve  is 
lined  up  to  it.  Inside  of  the  valves  there  is  a  distance 
washer  which  is  accurate  to  0.0001  in.  so  as  to  get  the 
exact  lift  on  each  valve.  There  is  no  trouble  if  the  valves 
are  properly  lined  up;  they  work  exactly  like  one  valve, 
and  can  hardly  be  considered  in  any  other  way. 

The  engine  is  air-starting  and  reversing,  but  it  is 
reversed  by  raising  the  valve  gear  off  the  head,  clear  of 
the  camshaft;  the  next  part  of  the  operation  is  the 
translation  of  the  camshaft  and  the  last  part  the  lowering 
of  the  valve  gear  to  normal  position  so  that  the  cam 
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rollers  fall  on  another  set  of  cams.  That  is  ordinary 
construction.  There  is  nothing  very  remarkable  about 
it,  except  that  it  is  carried  out  very  well.  The  reverse 
can  be  actuated  in  4  or  5  sec,  or  just  as  fast  as  the 
wheel  can  be  worked. 

The  cylinders  are  connected  in  series,  with  two  levers, 
and  when  both  levers  are  pulled  back  the  air  is  admitted 
to  all  six  cylinders.  They  are  connected  up  straight 
through  the  heads.  When  the  engine  attains  sufficient 
speed,  as  after  several  revolutions,  one  lever  is  shoved 
over  to  the  running  position;  when  three  cylinders  pick 
up  the  firing,  the  other  lever  is  shoved  over  to  the  run- 
ning position.  The  engine  starts  from  being  entirely 
cold,  with  no  trouble. 

The  engine  is  remarkable  in  its  maneuvering  qualities. 
We  put  one  on  a  test  stand  to  make  certain  tests  re- 
quired by  the  Bureau  of  Steam  Engineering  for  minimum 
horsepower.  The  minimum  horsepower  of  this  engine 
is  just  sufficient  to  turn  it  over;  that  is,  to  overcome  the 
engine  friction.  It  will  run  with  perfect  combustion, 
delivering  no  load  at  the  flywheel.  By  perfect  combus- 
tion I  mean  that  the  temperature  is  not  excessive,  and 
the  exhaust  is  absolutely,  invisible. 

Workmanship 

The  workmanship  on  the  engine  shows  exacting  care 
throughout.  It  is  a  wonderful  example  of  thoroughness. 
Every  thousandth  of  an  inch  is  accounted  for.  Every- 
thing about  the  engine  shows  that  it  is  put  together 
scientifically,  and  for  a  reason.  And,  above  all,  it  is  put 
together  well.  One  of  the  foremost  engineers  in  this 
country  on  Diesel  engines  looked  over  this  engine  and 
admitted  that  there  were  several  very  fine  things  about 
it,  but  said  that  such  workmanship  is  very  expensive;  and 
so  it  is.  For  instance,  the  piston  is  an  ordinary  cast- 
iron  piston  except  for  the  workmanship  on  it.  Every 
ring  fits  exactly.  The  top  working  ring  has  0.008-in. 
clearance  and  the  next  ones  0.006,  0.003  and  0.002-in. 
clearance  respectively.  The  working  rings  are  all  lap- 
jointed.  Each  ring  is  secured  by  a  dowel  pin.  The  bot- 
tom working  ring  is  an  oil-wiper,  and  at  the  bottom  of 
the  piston  also  there  is  an  oil-wiper.  That  oil-wiper 
looks  the  same  as  the  other  rings,  except  that  the  upper 
part  of  the  ring  is  beveled  off;  the  lower  part  is  like  an 
ordinary  working  ring.  The  confidential  instructions 
we  managed  to  obtain  show  that  when  this  wiper-ring 
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wears  to  one-half  the  width  of  the  ring,  it  should  be 
renewed. 

The  lubrication  of  this  piston  has  been  a  source  of 
many  questions  and  many  arguments  among  persons 
interested  in  lubrication.  The  only  lubrication  that  the 
pistonl^ets  is  from  the  splash,  and  there  are  the  two 
very  efficient  wiper-rings  to  taie  off  any  oil  that  gets 
up  there.  In  addition,  there  is  an  auxiliary  lubrication 
system  which  is  taken  from  the  main-bearing  suttply. 
This  consists  of  a  manually-operated  spring-valve,  one  for 
each  working  cylinder.  By  pressing  down  on  these  little 
valves,  one  for  each  working  cylinder,  oil  is  squirted  into 
the  cylinder.  We  figured  out  that  this  oil  makes  contact 
at  about  3  or  4  in,  above  the  bottom  wiper-ring  when 
the  piston  is  on  the  bottom  stroke;  on  the  top  stroke  it 
shoots  right  into  the  crankcase.  The  instructions  read 
to  squirt  oil  on  the  piston  about  every  y^  hr. ;  that  is  all 
the  lubrication  that  the  piston  gets  and  that  is  why  it 
does  not  carbonize. 

It  is  all  a  question  of  workmanship.  With  a  round 
piston  and  a  round  cylinder,  the  friction  is  eliminated 
€o  a  very  large  extent.  To  illustrate  this,  one  man  with 
a  2-ft.  bar  can  jack  the  engine  over  with  one  hand. 
Everything  is  exact. 

In  some  of  our  large  engines  in  this  country,  getting 
oil  up  into  the  wrist-pin  is  one  of  the  great  problems. 
The  connecting-rod  is  naturally  hollowed  out  to  reduce 
the  inertia  forces  and  to  make  it  lighter.  When  that  big 
rod  becomes  filled  with  oil,  the  inertia  forces  acting  on 
the  oil  have  a  tendency  to  take  the  oil  away  from  the 
wrist-pin.  To  overcome  this  tendency,  some  of  our  engines 
have  what  we  call  a  foot-valve  or  check-valve,  in  the  foot 
of  the  rod;  this  is  very  hard  to  remove  in  case  it  sticks 
or  chokes,  particularly  at  sea.  The'  Germans  have  hol- 
lowed out  the  connecting-rod  and  simply  put  an  ordinary 
plug  into  the  bottom  of  the  connecting-rod  and  run  a 
pipe  up  to  the  wrist-pin,  instead  of  forcing  the  whole 
connecting-rod  full  of  oil  and  letting  it  ooze  out  to  the 
wrist-pin. 

The  pistons  are  oil-cooled.  The  lubricating  oil  and 
piston-cooling  oil  all  return  to  a  sump  tank  and  are  pumped 
from  the  sump  tank  through  a  cooler;  from  the  bottom 
of  the  cooler  the  oil  goes  to  the  main  bearings.  Another 
pipe  comes  from  the  top  of  the  cooler,  and  this  leads 
to  the  piston  cooling  system. 

The  pressure  delivered  to  the  cooler  is  about  60  lb.  per 
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sq.  in.,  but  by  the  time  it  gets  through  the  cooler  and 
to  the  bearings  it  is  reduced  to  about  80  to  40  lb.  per 
sq.  in. 

There  is  an  automatic  regulator  on  the  forward  end 
of  the  engine  so  that  just  the  right  pressure  and  quantity 
are  delivered  to  the  main  bearings;  all  the  remainder 
goes  to  the  piston-cooling  system.  Thermometers  are 
provided  so  that  it  can  be  seen  that  the  piston-cooling 
circulation  is  not  restricted,  virhich  is  very  important  for 
marine  use.  At  sea  it  is  necessary  to  know  if  there 
is  salt  water  in  the  lubricating  oil,  because  this  causes 
trouble  with  the  piston-cooling  system. 

Air  Compression 

The  650-hp.  and  larger  engines  all  have  the  four-stage 
air-compressors;  that  is,  on  this  engine  there  are  two 
cylinders  of  the  first  stage,  two  of  the  second,  one  of  the 
third  and  one  of  the  fourth ;  the  pistons  are  exactly  the 
same,  except  that  one  has  a  third  stage  and  the  other  a 
fourth.  That,  also,  is  run  very  close.  They  take  great 
care  that  each  stage  is  fitted  with  a  separator  and  a 
cooler.  It  is  the  practice  to  blow  down  every  16  min.  to 
remove  any  water  or  oil  in  the  air.  The  engine  exhausts 
into  what  is  called  a  dry  mufiler.  No  water  is  put  into 
the  muffler  to  make  it  silent,  or  to  keep  it  cool.  The 
muffler  is  of  course  water-jacketed. 

The  Germans  were  obviously  short  of  material  and  did 
things  on  the  engine  which  I  suppose  were  done  through 
necessity.  They  have  done  things  with  steel  piping 
which  we  do  not  yet  know  how  to  do.  All  their  piping  is 
of  steel,  with  the  exception  of  a  few  gage  lines.  Even 
the  spray  air  lines  are  of  very  small  pipe  made  of  steel. 
All  over  the  engine  there  are  very  fine  examples  of  the 
welding  of  steel  plates  and  pipes.  The  entire  exhaust 
header,  which  is  water-jacketed,  is  made  of  very  thin 
plate  welded.  It  weighs  about  1200  lb.  for  this  size  of 
engine,  which  is  very  light. 

The  engine  has  also  a  very  unique  device  on  its  for- 
ward end,  called  a  spray  air  regulator.  The  spray  air  is 
regulated  automatically  for  the  horsepower  or  load  that 
is  being  developed;  the  more  horsepower  the  engine 
develops  the  higher  the  spray  air.  The  Germans  use 
their  engine  air  compressors  for  pumping  up  the  ship's 
tanks ;  they  can  pump  up  to  8000  lb.  When  we  looked  at 
the  engine,  we  agreed  that  we  did  not  like  the  arrange- 
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ment  of  the  compressor.     The  air-compressor  valves  in 
some  of  the  stages  are  not  very  accessible. 

SUMMALY 

The  Diesel  engine  is  not  a  cheap  product  and  cannot  be 
made  cheaply.  Perhaps  it  can  be  made  cheaply  and  sold ; 
but  it  cannot  be  made  cheaply  and  run  with  any  great 
success  or  reliability.  It  all  depends  on  what  they  are 
being  used  for.  A  high-grade  engine  must  be  well  made, 
and  the  material  in  it  must  be  as  near  perfect  as  possible. 
The  engineer  and  the  metallurgist  must  cooperate  in  this. 

The  Germans  are  not  yet  satisfied  with  their  engine. 
We  had  evidence  all  through  the  German  submarines  that 
they  are  still  experimenting.  We  find  slight  differences 
in  the  mechanical  details.  They  are  trying  all  the  time 
to  perfect  what  they  already  have,  which  is  very  reliable, 
comparatively  speaking. 

Regarding  our  own  engines,  we  have  something  yet 
to  learn.  But  to  build  a  Diesel  engine  costs  money.  The 
German  Diesel-engine  builders  were  backed  by  the  Ger- 
man Empire.  They  have  a  good  design;  we  are  now 
trying  to  take  the  good  points  from  it  and  adapt  them 
to  our  own  use.  We  do  not  say  that  what  we  have  is 
all  wrong,  because  it  is  not.  We  may  approach  the 
problem  in  an  entirely  different  way,  but  it  is  well  to 
take  the  good  points  they  have  and  by  adding  those  we 
have  we  ought  to  go  them  one  better.  That  is  what  we 
are  trying  to  do. 

We  are  in  difficulties  in  this  country  on  account  of 
patents.  We  have  several  companies  building  Diesel 
engines  and  competing  with  one  another.  It  is  all  right 
when  building  automobiles  to  do  private  research  work 
and  guard  the  secrets  very  carefully,  but  the  submarine 
Diesel  engine  is  one  for  which  there  is  no  demand  in 
the  commercial  market. 

The  logical  way  of  going  into  the  problem  of  developing 
a  real  submarine  Diesel  engine  is  either  for  the  Govern: 
ment  to  do  it  or  back  the  Diesel  engineers  of  the  country 
in  research  work,  with  that  primary  object  in  view.  I 
am  confid3nt  that  the  Diesel  engine  is  past  the  experi- 
mental stage.  I  have  seen  Diesel  engines  of  100  to  1750 
hp.  in  operation.  The  Diesel  engine  is  a  practical  propo- 
sition. 

THE    DISCUSSION 

Chairman  Joseph  Van  Blerck: — Is  my  understand- 
ing correct  that  the  oiling  system  is  a  pressure  system  on 
the  main  bearings? 
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Commander  H.  C.  Gibson:— Yes;  the  pressure  is  about 
two  atmospheres. 

Chairman  Van  Blerck:— Is  their  reason  for  having 
the  babbitt  in  the  vnrist-pin  to  cut  dovra  the  friction,  re- 
duce the  heat  and  keep  the  wrist-pin  from  wearing  flat? 

Commander  Gibson: — I  can  understand  the  babbitt, 
but  I  do  not  understand  why  the  wrist-pin  should  be  case- 
hardened  with  a  babbitt  bushing. 

Chairman  Van  Blerck: — ^The  case-hardened  bearing 
is  always  better,  according  to  my  experience.  If  we 
could  have  case-hardened  crankshafts  today  we  would 
accomplish  something.  With  tractor  and  truck  engines, 
where  there  is  dust  to  contend  with,  the  only  serious 
difficulty  is  the  wearing  of  the  crankshaft.  An  engine 
which  has  been  subjected  to  dust,  when  taken  apart 
shows  everything  else  perfect;  the  piston-rings  and  bab- 
bitt bearings  have  not  become  worn,  but  the  crankshaft  is 
worn  flat.  That  is  the  flrst  place  to  look  for  trouble 
when  there  has  been  any  dust  in  the  engine. 

Commander  Gibson: — The  usual  practice  I  have  seen 
in  wrist-pin  bearings  is  to  have  a  bronze  bearing  in  the 
connecting-rod. 

Erwin  Chase: — Do  the  Germans  consider  that  there 
is  any  future  in  the  two^ycle  Diesel  engine  for  submarine 
use,  or  have  they  abandoned  it  entirely? 

Commander  Gibson  : — Several  German  submarine 
officers  have  said  that  they  have  no  use  for  them,  be- 
cause there  is  always  danger  of  getting  salt  water  into 
the  piston-cooling  oil  which  in  a  two-cycle  engine  is  very 
serious  on  account  of  the  heat.  Because  there  is  so 
much  heat  to  dissipate,  the  coolers  and  pumps  must  be 
much  larger  than  in  a  four-cycle  engine.  They  favor  the 
four-cycle  type.  In  fact,  many  of  the  European  coun- 
tries are  building  four-cycle  engines.  For  submarine  use, 
I  favor  the  four-cycle  type. 

H.  C.  Gibson: — Diesel  engines,  like  all  other  engines, 
are  needed  for  the  work  they  will  do  and,  if  a  properly 
constructed  Diesel  engine  will  work  without  trouble,  10 
to  20  per  cent  more  spent  in  the  initial  cost  of  that  engine 
is  more  than  paid  for  in  its  economy  of  operation  and 
decreased  depreciation.  It  is  most  serious  that  we  should 
at  any  time  consider  that  we  must  subordinate  accuracy 
of  workmanship  in  commercial  engines.  The  subordina- 
tion of  accuracy  of  workmanship  to  price  alone  is  not  the 
proper  basis  upon  which  to  construct  any  piece  of  mech- 
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anism,  especially  a  complicated,  difficult  piece  of  mechan- 
ism subject  to  such  high  stresses. 

Commander  Gibson: — ^I  agree  with  that.  With  an 
engine  that  will  run  without  any  trouble  and  reach  port 
not  only  once  but  several  times,  the  confidence  of  the 
crew  has  been  gained  and  they  will  swear  by  the  engine^ 
They  will  then  understand  that  if  little  things  happen 
they  are  merely  incidental,  and  that  such  things  will 
happen  to  almost  any  engine.  Confidence  in  an  engine  is 
a  thing  to  be  cultivated.  The  commercial  engine,  as  well 
as  the  marine  engine,  must  be  reliable.  Reliability  re- 
quires good  workmanship  and  design.  Grood  design  and 
good  workmanship  go  together. 

A  Member: — I  can  say  from  experience  that  we  need 
better  workmanship.  As  an  instance,  on  a  ship  with  a 
new  engine  the  engineer  was  suspicious  of  the  engine 
because  of  the  finish  and  the  way  the  connecting-rod  bear- 
ings were  fitted.  His  suspicions  were  correct;  the  engine 
was  out  of  line.  That  shows  the  need  of  good  work- 
manship. 

A.  M.  Wolf: — ^At  our  December  meeting  we  had  an 
interesting  paper  on  the  Torsional  Vibration  of  Crank- 
shafts, in  regard  to  the  Diesel  engines  employed  on  our 
submarines.  In  view  of  the  difficulties  we  have  had,  what 
has  been  Commander  Gibson's  experience  regarding  the 
vibration  encountered  in  the  German  Diesel  engines? 
What  speed  did  he  find  to  be  the  critical  one,  and  what 
was  the  extent  of  the  vibration? 

Commander  Gibson:— I  cannot  state  the  figure  off- 
hand, but  the  engine  is  very  sensitive  in  regard  to  critical 
speed.  There  is  a  certain  spot  at  which  the  vibration  is 
very  noticeable,  which  is  evident  just  the  minute  it  oc- 
curs; but  below  or  beyond  it  the  engine  is  as  steady  as 
a  rock.  The  minute  the  critical  speed  is  reached  the 
engine  makes  a  tremendous  racket.  So,  we  give  it  more 
fuel  or  regulate  the  engine  as  the  speed  is  increased  or 
decreased. 

Chairman  Van  Blerck  : — In  regard  to  the  workman- 
ship on  the  German  engines,  I  think  we  would  have  no 
difficulty  in  getting  even  better  workmanship  if  the  Navy 
Department,  for  instance,  built  one  good  engine  and  then 
put  a  thousand  of  those  engines  through  the  shop  all  at 
once.  That  would  guarantee  better  workmanship  than 
the  Germans  ever  had.  I  think  it  is  not  the  right  idea  to 
build  one  engine  today  and  six  months  from  now  another. 

A  Member: — Has  Commander  Gibson  any  thought  on 
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the  solid  injection  as  compared  with  the  air-injection 
system? 

Commander  Gibson: — ^All  the  German  engineers  con- 
tinue to  use  the  spray  air.  The  Vickers  people  in  Eng- 
land use  the  solid-injection  system.  I  believe  the  solid- 
injection  system  will  come,  but  it  gives  poorer  maneuver* 
ing  qualities  to  the  engine  at  present,  in  comparison  with 
spray  air.  The  German  engines,  in  addition  to  their 
spray  air  regulators  which  give  certain  definite  spray 
air  for  certain  speeds  and  loads,  have  a  control  on  thfiir 
spray  valves  which  allows  a  spray  valve  to  lift  a  certain 
definite  distance,  according  to  the  amount  of  the  fuel  to 
be  delivered  to  the  engine;  the  more  the  fuel  required, 
the  greater  the  lift  is.  The  problem  is  involved  with  the 
spray-valve  control.  It  is  very  unique,  and  it  works 
beautifully.  The  engine  can  be  shut  down  to  low  power 
with  very  little  fuel  and  very  little  lift  of  the  valve  and 
complete  combustion  is  obtained.  I  think  that  could  not 
be  done  at  present  in  the  solid-injection  system. 

G.  F.  Crouch: — By  whom  was  this  engine  produced? 

Commander  Gibson: — ^The  German  submarines  re- 
vealed the  fact  that  although  it  was  a  Machinenfabrik 
Ausburg-Ntimburg  engine,  originally  built  in  Ausburg, 
the  engine  was  farmed  out  to  every  Diesel  engineering 
company  in  Germany. 

C.  F.  Scott: — How  does  the  fuel  economy  compare 
with  that  of  the  lower-speed  types. 

Commander  Gibson: — The  economy  is  very  good. 
About  0.42  lb.  per  b.hp.-hr.  is  obtained  at  full  power. 
That  is  not  remarkable;  it  is  good,  and  the  combustion 
is  good.  We  use  every  bit  of  the  fuel  in  the  cylinder.  We 
ran  a  test  generating  85  hp.,  just  enough  to  overcome  the 
friction  loss  of  the  engine.  We  had  35  hp.  on  the  load, 
and  we  used  35  lb.  of  fuel.  do  not  know  how  it  com- 
pares with  the  marine  type  engines  that  have  been  built 
for  use  in  private  vessels. 
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ADAPTING  TRUCK  AND  TRACTOR 
ENGINES  TO  MOTOR-BOAT  USE 

By  Joseph  Van  Blerck^ 


The  automobile  engine,  as  used  in  passenger  cars 
and  a  large  percentage  of  trucks,  is  not  adapted  to 
use  in  motor  boats.  It  is  not  built  substantially  enough 
for  this,  inasmuch  as  the  power  output  of  the  motor - 
boat  engine,  except  during  starting  or  landing,  is  al- 
ways 100  per  cent.  In  view  of  this  and  because  tractor, 
truck  and  marine  engines  are  of  the  same  family,  it 
appears  that  if  a  truck  or  tractor  engine  were  made 
with  100  per  cent  continuous  power  output  capacity  it 
would  be  satisfactory  for  marine  use. 

The  author  describes  and  illustrates  a  tractor  engine 
modified  for  marine  use.  The  lubrication  system  of  this 
engine  is  explained.  The  respective  merits  of  right  and 
left-hand  engines  are  discussed.  It  is  stated  in  a  twin- 
screw  boat  that  it  is  unnecessary  to  have  both  engines 
run  out^board;  that  both  can  turn  in  the  same  direc- 
tion without  causing  material  difference  in  results. 
The  sliding  reverse  gear  used  in  connection  with  the 
marine  engine  described  is  illustrated  and  its  merits 
enumerated. 

The  automobile  engine,  as  used  in  passenger  cars  and 
a  large  percentage  of  trucks,  is  not  adapted  to  use  in 
motor  boats,  .and  is  not  built  substantially  enough, 
since  the  power  output  of  the  motor-boat  engine, 
except  when  starting  or  landing,  is  always  100  per 
cent.  In  view  of  this  and  because  tractor,  truck  and 
marine  engines  are  of  the  same  family,  it  would  appear 
that  if  a  truck  and  tractor  engine  were  made  for  100 
per  cent  power  output,  we  would  then  have  a  combina- 
tion which  would  answer  these  three  purposes.  The 
marine  engine  must  be  capable  of  running  under  full 
toad  for  an  indefinite  time  at  a  12  to  15-deg.  incline. 
It  was  found  that  nothing  satisfactory  could  be  evolved 
from  the  old-time  plan  of  building  engines;  we  there- 
fore awaited  an  opportunity  whereby  the  marine  engine 
could  have  the  advantages  of  large  production.     These 

1  Manager,  motor  division,  WeUman-Seaver-Morgan  Co.,  Akron, 
Ohio. 
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advantages  are  many;  the  difficulties  encountered  in  the 
small  shop  of  low  production  are  obvious. 

Fig.  1  shows  a  tractor  engine.  It  has  a  fan  driven 
by  a  gear,  a  governor  on  the  engine  and  an  oil  sump. 
The  oil-pump  is  in  the  center  of  the  sump  to  provide 
adequate  oiling  at  either  an  up-hill  or  down-hiU  angle. 
A  reversing  gear  is  attached  to  the  engine.  The  fan 
and  governor  are  separate  units  and  can  be  attached  or 
detached  at  will.  The  flywheel  is  in  the  rear  of  the 
engine,  with  the  clutch  located  within  the  flywheel;  the 
power  is  thus  transmitted  through  the  flywheel.  This 
is  the  only  proper  way  to  transmit  the  power.  Difficul- 
ties have  always  been  encountered,  and  marine  engines 
have  been  designed  to  suit  boat  builders  and  naval  archi- 
tects. The  result  has  been  that  flywheels  have  been 
installed  at  the  front  part  of  the  engine.  Some  marine 
engines  have,  however,  been  built  virith  the  flywheel  in 
the  rear,  but  this  was  only  in  the  case  of  heavy-duty 
engines  for  large  boats  and  it  was  claimed  to  be  impos- 
sible to  install  such  engines  in  small  cruisers  or  run- 
abouts. 

I  have  made  a  slightly  different  oil  sump.  The  fly- 
wheel is  smaller  and  allows  for  dropping  the  engine 
closer  to  the  keel.  This  is  being  done  to  avoid  criticism 
and  to  get  the  engine  into  boats  which  are  already  built, 
but  I  am  satisfied  that  there  is  no  need  of  having  this 
oil  sump  when  designing  a  new  boat.  I  hope  to  receive 
sufficient  support  from  naval  architects  and  metor-boat 
engineers,  so  that  within  a  short  time  this  oil  sump  will 
not  be  required  and  we  shall  be  able  to  use  the  deep  oil 
sump,  thereby  making  the  entire  assembly  standard. 
The  reason  for  making  the  deep  oil  sump  is  that,  on 
account  of  using  the  engine  for  cruisers,  a  heavy  fly- 
wheel is  desirable.  However,  we  must  eventually  make 
two  kinds  of  flywheels  to  answer  these  two  purposes,  as 
the  runabout  engine  for  high  speeds  does  not  require 
such  a  heavy  flywheel.  We  use  the  same  supporting 
arms  that  are  used  on  the  tractor  engine,  except  that  we 
have  made  two  foundation  plates  for  bringing  them  to 
the  center  of  the  shaft.  This  would  be  unnecessary  ex- 
cept that  it  is  easier  for  a  boat  builder  to  build  the 
foundation  on  the  center  line  of  the  shaft.  Concerning 
the  engine  supports,  if  these  are  suflkient  for  the  engine 
in  a  tractor  or  a  truck,  they  will  support  the  marine 
engine,  which  must  withstand  certain  shocks  but  nothing 
like  as  severe  as  those  of  tractor  and  truck  service. 


Digitized 


by  Google 


ADAPTING  TRACTOR  ENGINES   TO    MOTOR   BOATS  509 


Right  and  Lept-Hand  Engines 

We  have  been  building  right  and  left-hand  engines, 
which  means  that  for  a  twin-screw  boat  both  engines 
must  run  out-board.  We  have  discovered  from  past  ex- 
perience that  it  is  unnecessary  to  have  both  engines  run- 


Fia  1 — A  Tbactor  Engine 

ning  out-board ;  in  other  words,  both  engines  can  run  the 
same  way  and  there  will  be  no  difference  noticed.  We 
are  well  on  the  way  to  attaining  this  point.  Several  boat 
builders  are  working  on  twin  installations  and  planning 
to  have  both  engines  run  the  same  way ;  in  other  words, 
they  will  use  two  standard  engines.  To  make  engines 
run  in  opposite  directions  we  must  change  the  rotation  of 
the  oil-pump,  magneto,  water-pump,  generator  and  start- 
ing pump ;  it  also  necessitates  a  different  camshaft.  Our 
oil  and  water-pumps  are  made  so  that  they  can  be,  run 
either  way  at  will ;  but  it  costs  more  to  do  this,  as  parts 
for  these  pumps  must  be  kept  on  hand. 

Fig.  2  shows  the  camshaft.  It  is  made  in  such  a  way 
that  it  can  be  used  for  a  left-hand  camshaft  by  cutting 
off  the  bearing  and  flange  on  one  end  and  reducing  the 
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shaft  to  the  same  size  as  the  opposite  end;  then  making 
a  separate  bearing,  coupling  and  key  in  this  end.  The 
necessity  of  asking  camshaft  manufacturers  to  make 
left-hand  camshafts  is  thus  obviated.  Fig.  8  shov^^s  the 
marine  engine  with  the  centrifugal  pump  taken  off  and 
a  gear  pump  installed  in  its  place.  The  centrifugal  pump 
is  unsatisfactory  because  of  its  inability  to  suck  wsiter. 


Fia.  2 — The  Camshaft  of  the  Tractor  Engine 

The  gear  pumps  are  made  so  that  we  can  disassemble 
and  reassemble  them  for  left-hand  pumps  without  any 
extra  machine  work.  We  hope  ultimately  to  convince 
naval  arcliitects  and  boat  builders  that  it  makes  no  dif- 
ference in  small  boats  which  way  the  engines  are  running. 
Fig.  4  is  a  view  of  the  engine  from  the  opposite  or 
carbureter  side. 

Sliding  Reverse  Gear 

The  sliding  reverse  gear  is  another  interesting  fea- 
ture. This  is  the  first  incorporation  of  such  a  gear  in 
a  marine  engine  in  this  country,  except  in  a  few  cases 
where  an  automobile  engine  has  been  used  in  a  motor 
boat  and  the  automobile  transmission  has  been  used. 
This  use  has,  however,  never  been  successful,  due  to  the 
fact  that  the  reverse  ratio  is  too  low  in  the  automobile 
transmission.  Our  reverse  gear  has  an  82  per  cent  re- 
verse and  this  can  easily  be  made  a  1  to  1  reverse.  The 
reverse  gear  has  been  tried  out  under  both  normal  and 
abnormal  boating  conditions  and  has  given  absolute  satis- 
faction. I  firmly  believe  that  this  is  the  only  practical 
way  known  for  reversing  a  propeller.  The  gears  used 
in  this  reverse  gear  are  now  manufactured  in  shops 
where  they  make  transmission  gears  and  advantage  can 
thus  be  taken  of  the  experience  of  the  transmission  gear 
manufacturers,  insuring  the  making  of  a  first-class  gear. 
The  gears  are  made  along  the  same  lines  as  the  trans- 
mission gears  for  cars  and  trucks,  of  nickel  steel,  case- 
hardened  and  ground.  Fig.  5  shows  the  gears  as  they 
are  assembled  in  the  housing.    I  will  outline  a  few  of 
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Fio.  3 — A  Side  Vibw  of  the  Marine  Engine  in  Which  the  Cen- 
trifugal Pump  Has  Been  Refljiceo  by  One  Havinq  a  Gear  Drive 

the  things  that  can  be  done  with  this  reversing  gear. 
When  the  lever  is  in  the  neutral  position,  with  the  en- 
gine running,  the  propeller-shaft  can  be  turned  by  hand 
in  the  opposite  direction  because  it  is  entirely  separate 
from  the  engine.  Therefore,  a  perfect  neutral  is  ob- 
tained. Considerably  less  power  is  thrown  on  the  engine 
when  reversing  than  when  in  the  go-ahead  position.  In 
other  words,  when  the  engine  is  running  in  an  idle  posi- 


FiQ.  4 — ^Looking  at  the  Engine  from  the  Carbureter  Side 
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tion  and  is  then  thrown  into  the  reverse,  there  is  abso- 
lutely no  danger  of  stalling  the  engine.  When  the  boat 
is  going  at  full  speed,  if  the  occasion  arises  to  reverse 
at  once  the  first  thing  is  to  throttle  the  engine.  The 
engine  will  then  act  as  a  brake  to  retard  the  speed  of 
the  propeller-shaft,  say  down  to  about  300  to  400  r.p.m., 
which  is  the  required  speed  for  shifting  the  gears.  Be- 
tween the  time  of  shifting  from  the  forward  into  the 
reverse  position,  the  propeller  has  no  chance  to  pick  up 
speed  through  the  momentum  of  the  boat.  This  gear 
can  be  shifted  from  the  forward  to  the  reverse  position 
just  as  fast  as  it  is  possible  to  shift  from  first  into  second 
speed  on  an  automobile. 

In  the  case  of  the  twin-screw  boat,  the  propeller  of 
the  dead* engine  is  free  to  revolve  in  the  water;  it  there- 
fore does  not  retard  the  speed  of  the  boat  because  there 
is  one  short  shaft  revolving  which  runs  on  two  ball  bear- 
ings. This  is  a  great  advantage  in  an  auxiliary  yacht 
which  depends  upon  having  the  propeller  running  freely 
in  the  water  while  under  sail.  It  will  be  appreciated 
what  the  drawback  has  been  in  the  past  and  to  what 
extent  this  reversing  gear  will  remedy  the  condition. 
In  regard  to  connecting  the  clutch  and  gearshift  in  dif- 
ferent places  in  the  cruiser,  this  can  be  accomplished 
much  more  easily  than  with  any  other  kind  of  clutch 
because  it  works  only  one  way.  It  can  be  worked  with 
a  cable  and  pulleys  if  necessary.  Relative  to  the  gear- 
shift lever,  this  does  not" require  any  strength  to  operate; 
it  can  be  operated  by  small  connecting-rods  and  levers. 
We  have  abeady  worked  out  several  installation  plans 
and  experienced  no  difficulty  whatever.  Regarding  the 
wearing  qualities  of  the  gear,  it  is  easily  understood 
that  when  the  friction  is  reduced  the  wear  is  reduced. 

Lubrication 

A  sectional  drawing  of  the  tractor  engine  would  show 
that  the  oil-pump  is  in  the  center  of  the  sump,  that  it 
is  driven  by  spur  gears  from  the  main  timing-gears  and 
runs  slightly  faster  than  crankshaft  speed.  The  oiling 
system  has  been  given  very  careful  attention.  Very 
heavy  oil  can  be  used  in  this  engine  with  excellent  re- 
sults and  also  the  thinnest  oil  obtainable;  in  fact,  pure 
kerosene  could  be  used  and  it  would  be .  impossible  to 
bum  out  a  bearing  as  long  as  some  kind  of  oil  was  used. 
Poor  lubricating  oil  does  not  do  the  engine  any  good  in 
the  long  run  and  the  use  of  it  will  reduce  the  life  of  the 
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FiQ.  5 — Sliding  Rbversb  Grab 

engine,  but  that  is  different  from  burning  out  bearings 
and  ruining  the  engine.  Past  experience  shows  that 
there  is  little  use  in  recommending  a  certain  kind  of 
oil  for  use  in  an  engine;  the  owner  cannot  at  all  times 
obtain  the  oil  he  wishes  and  is  therefore  forced  to  use 
what  he  can  get. 

THE    DISCUSSION 

A  Member: — If  it  is  desired  to  run  propellers  in  oppo- 
site directions  and  to  build  only  one-hand  engines,  why 
cannot  one  engine  be  run  through  the  reverse  to  go 
forward  and  in  the  forward  position  to  reverse? 

Mr.  Van  Blerck  : — It  would  not  be  desirable  to  trans- 
mit the  power  through  the  reverse  continuously.  The 
power  would  be  transmitted  through  the  gears  and  would 
not  allow  quiet  running.  There  is  a  certain  amount  of 
friction  also  to  be  avoided.  There  is  a  probable  loss  of 
5  per  cent  through  the  gears. 

A  Member: — It  is  well  known  to  every  boat  builder 
and  boat  handler  that,  if  a  twin-screw  boat  in  which 
both  engines  turn  in  the  same  direction  is  allowed  to 
run  with  the  rudder  free,  it  will  invariably  turn  to  one 
side.  It  is  a  fundamental  law  of  physics  that  cannot  be 
overcome. 

Mr.  Van  Blerck: — If  engine  manufacturers  were  to 
build  no  left-hand  engines  for  running  propellers  in 
opposite  directions  it  would  not  be  long  before  any  diffi- 
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culties  which  exist  would  be  overcome.     I  believe  that 
adequate  allowance  can  be  made. 

A  Member: — ^With  a  twin-screw  installation  on  a  fast 
boat  it  is  best  to  have  the  propellers  turn  in  opposite 
directions  so  that  the  opposed  torques  will  balance  each 
other.  Perhaps  this  is  a  minor  point,  but  it  exists.  Has 
the  reverse  gear  been  tried  out? 

Mr.  Van  Blerck:— Yes. 

A  Member: — I  refer  to  checking  the  boat  when  it  is 
going  forward  at  fairly  good  speed? 

Mr.  Van  Blerck:— We  have  tried  it  at  full  speed 
when  the  boat  was  going  ahead  and  it  reversed  just  as 
quickly;  in  fact,  it  reversed  immediately,  but  the  neces- 
sity for  such  an  occasion  would  be  very  rare. 

G.  F.  Crouch  : — I  recall  an  instance  of  this  necessity. 
While  in  a  small  boat,  a  piece  of  driftwood  locked  the 
rudder;  the  boat  started  straight  for  a  dock.  Fortu- 
nately, we  hit  one  of  the  piles  on  the  side;  otherwise  we 
would  surely  have  gone  under  the  dock.  The  boat  had 
no  reverse  gear. 

Mr.  Van  Blerck  : — If  two  boats,  one  without  a  reverse 
gear  and  one  with  a  reverse  gear,  were  both  run  for  a 
dock  at  full  speed  and  then  shut  off  to  try  to  reverse  at 
a  certain  distance  from  the  dock,  the  boat  without  a 
reverse  gear  would  be  in  the  more  dangerous  situation. 

Mr.  Crouch  : — The  reverse  gear  is  a  decided  improve- 
ment on  the  conventional  type.  A  friend  of  mine  found 
that  he  could  not  reverse  until  his  boat  had  practically 
lost  all  forward  motion.  He  then  put  a  brake-band  on 
the  propeller-shaft. 

Mr.  Van  Blerck:— We  did  that  in  the  first  try-out; 
it  worked  well.  Then  we  took  the  brake-band  off  and  it 
worked  just  as  well.    So,  why  put  on  a  brake-band? 

Erwin  Chase: — I  accompanied  Mr.  Van  Blerck  on 
the  trials  he  mentioned  and  no  one  could  require  more 
of  a  reverse  gear  than  he  did.  From  going  full  speed 
ahead  he  went  into  full  speed  reverse  and  never  missed. 
He  had  a  brake-band  on  the  shaft,  but  it  was  not  neces- 
sary to  use  it.  That  was  not  a  very  fast  boat;  with  a 
high-speed  boat,  in  which  the  propeller-shaft  runs  very 
freely,  it  might  be  necessary  to  have  a  brake-band. 

With  both  engines  running  the  same  way  in  a  twin- 
screw  installation,  if  both  were  right-hand  wheels,  the 
engine  on  the  port  side,  having  an  arm  from  the  center 
line  of  the  boat  to  the  center  of  the  resistance  of  the  boat, 
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would  counteract  the  arm  of  the  engine  on  the  other  side. 

Mr.  Van  Blerck: — In  regard  to  higher-speed  boats, 
no  matter  how  fast  the  engine  is  running,  all  that  is 
necessary  is  to  close  the  throttle;  an  engine  will  slow 
down  quickly  when  it  has  no  gas.  When  the  propeller 
slows  down  to  engine  speed,  then  is  the  time  to  reverse. 
But  with  the  high-speed  boat,  if  the  clutch  is  thrown 
out  and  the  reversal  not  made  at  once,  the  propeller  will 
gain  speed  and  there  may  be  some  difficulty. 

H.  C.  Gibson:— I  had  a  boat  51  ft.  long  with  16-ft. 
beam;  the  engine  was  installed  in  a  way  similar  to  that 
in  which  an  engine  is  installed  in  an  automoblI^.  We 
sat  alongside  the  wheel  and  operated  the  clutch  by  foot 
power.  W^  had  the  usual  H  gearshift  arrangement.  I 
used  that  boat  for  several  years  and  it  was  always  per- 
fectly satisfactory.  I  never  had  any  difficulty  in  picking 
up  any  of  the  gears,  whether  the  engine  was  running 
fast  on  low  gear  or  slow  on  high  gear.  I  could  make  any 
change  I  wanted  to  make.  That  was  a  rather  strenuous 
test,  for  the  propeller  was  36  in.  in  diameter. 
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Vice-President  Glenn  L.  Martin  presided  at  the  pro- 
fessional session  held  on  the  afternoon  of  March  10. 
Major  V.  E.  Clark  outlined  a  paper  he  had  prepared  on 
Possible  Airplane  Performance  with  Maintenance  of 
Engine  Power  at  All  Altitudes.  He  also  showed  some 
moving  picture  films  of  recent  engineering  work  at 
McCook  Field,  the  particular  items  of  interest  referring 
to  devices  for  dropping  the  wheels  from  a  plane  when  in 
the  air  and  for  inflating  air  bags  for  the  purpose  of  ab- 
sorbing a  portion  of  the  shock  when  landing  on  water; 
examples  of  dropping  bombs  separately  and  in  unison; 
and  parachute  work.  Interesting  points  were  elucidated 
concerning  the  recent  ascent  of  Major  Schroeder  to 
36,000  ft.  in  a  LePere  plane  driven  by  a  Liberty  engine 
equipped  with  a  Moss  supercharger.  It  was  stated  that 
on  account  of  rarification  of  the  atmosphere  at  such  great 
altitudes  the  carbon  monoxide  in  the  engine  exhaust  be- 
comes so  diffused  as  to  be  harmful  and  dangerous  to  the 
pilot  and  that  under  such  conditions  arrangements  will 
have  to  be  made  to  carry  the  exhaust  gases  well  away 
from  the  pilot.  The  reported  temperature  was  — 67 
deg.  fahr.,  one  result  of  this  being  the  formation  of  the 
exhaust  into  a  comet-like  icicle  of  astounding  length. 

As  was  stated  by  Vice-president  Martin,  the  papers 
presented  showed  that  marked  progress  has  been  made 
recently  in  aeronautic  engineering.  Grover  C.  Loening, 
in  a  paper  entitled  Effect  of  the  General  Shape  of  Avia- 
tion Engines  on  the  Operation  of  Airplanes,  gave  some 
very  interesting  data  on  the  power  developed  by  and  the 
air  resistance  involved  in  the  use  of  aeronautic  engines 
currently  made.  His  purpose  was  to  analyze  the  condi- 
tions requisite  for  an  airplane  speed  of  200  m.p.h. 

Alexander  Klemin  gave  an  enlightening  exposition  of 
his  subject.  Consideration  of  Landing  Run  and  Getaway 
by  Standard  Type  Airplanes.  Archibald  Black  pre- 
sented a  brief  statement  on  matters  demanding  at- 
tention in  the  heat-treating  of  brazed  fittings.  S.  R. 
Parsons  and  S.  W.  Sparrow,  of  the  Bureau  of  Stand- 
ards addressed  the  members,  the  former  on  Factors 
in  the  Design  of  Airplane  Radiators,  and  the  latter  on 

516 


Digifced  by  VjOOQ IC 


NEW    YORK    AERONAUTIC    MEETING  517 

Flying  an  Aviation  Engine  on  the  Ground.  Mr.  Parsons' 
data  were  constituted  of  some  results  of  tests  that  had 
been  conducted  at  Washington.  Mr.  Sparrow  told  of  the 
many  advantages  of  testing  engines  in  a  laboratory  such 
as  that  installed  at  the  Bureau  of  Standards,  wherein 
conditions  of  atmosphere  and  temperature  like  those  at 
great  altitude  can  be  maintained. 

The  meeting  was  concluded  by  a  dinner  at  the  Hotel 
Astor.  The  speakers  were  President  Vincent,  who  talked 
on  general  development  of  aeronautics  with  particular 
reference  to  the  Air  Mail  Service;  Major-General  C.  T. 
Menoher,  chief  of  the  Air  Service,  who  presented  some 
interesting  facts  and  figures  as  to  the  present  status  of 
military  aeronautics  and  advocated  the  maintenance  of 
separate  Air  Services. for  the  Army  and  the  Navy;  Air 
Commodore  L.  E.  0.  Charlton,  formerly  military  attach^ 
of  the  British  Air  Service;  Col.  Thurman  H.  Bane,  chief 
of  the  Engineering  Division,  Air  Service,  who  pointed  out 
that  a  National  Defense  Department  could  very  well  care 
for  the  operation  and  maintenance  of  all  Government  air- 
craft and  spoke  very  hopefully  regarding  the  anticipated 
use  of  aircraft  on  a  large  scale;  Past  Vice-president 
George  H.  Houston,  who  traced  the  development  of  com- 
mercial air  flight  in  America  and  emphasized  the  neces- 
sity of  the  Government  maintaining  a  properly  equipped 
organization  for  testing  out  new  designs  and  doing  what- 
ever is  necessary  to  establish  the  science  of  aerody- 
namics on  a  sound  basis,  the  actual  designing  being  un- 
dertaken by  civilian  organizations;  and  Major  Maurice 
Connolly  who  stated  that  the  aircraft  sales  departments 
could  do  much  to  facilitate  the  establishment  of  needed 
landing  fields  by  presenting  concrete  statements  of  the 
amount  of  expected  business. 

ADDRESS  OF  PRESIDENT  J  G  VINCENT 

I  am  more  than  ever  convinced  that  our  member- 
ship as  a  whole  does  not  thoroughly  appreciate  either 
its  opportunities  or  responsibilities.  In  1911  we  were 
all  proud  of  our  Society  and  its  success,  but  I  doubt 
if  many  of  us  realize  that  we  then  had  only  about  600 
members.  The  membership  has  since  increased  rapidly, 
in  a  constantly  upward  curve;  in  1912  it  had  passed  the 
thousand  mark;  in  1913  it  reached  1500;  and  at  the 
beginning  of  the  great  war  it  was  about  2000.  It  hardly 
seems  possible  that  the  Society  was  relatively  so  small 
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at  that  time.  Its  continued  steady  growth,  its  ever- 
increasing  activities  and  its  greater  and  greater  profes- 
sional and  financial  success  during  the  war  are  well 
worthy  of  note.  We  all  know  that  the  reason  is  the  essen- 
tially important  character  of  the  automotive  industry 
and  its  engineers. 

In  1918  there  were  about  3000  members  and  in  1919 
approximately  4000.  The  curve  is  tending  in  a  very 
satisfactory  direction  and  we  now  have  well  over  4500 
members.  These  figures  include  individuals,  companies 
and  their  representatives  and  enrolled  students.  High- 
grade  representative  members  are  being  constantly  added 
and  our  officers  are  frequently  surprised  at  the  number 
and  character  of  applications  received  and  the  possibili- 
ties of  additional  high-grade  meml)ership  which  are  con- 
stantly developing.  This  is  a  picture  that  we  can  all  be 
proud  of,  but  let  us  not  forget  that  this  membership 
comes  about  through  added  activities,  each  in  turn  carry- 
ing with  it  tremendously  important  new  responsibilities. 
It  is  constantly  borne  in  upon  us  that  we  are  in  the  midst 
of  greater  and  greater  things. 

The  Function  of  the  Society 

The  basic  function  of  the  Society  is  to  reduce  costs  to 
the  producer  and  to  the  consumer  and  make  feasible  better 
products.  It  has  made  a  record  as  an  engineering  organ- 
ization second  to  none.  The  world  has  seen  no  more 
admirable  and  effective  example  of  cooperation  than  that 
of  the  automotive  engineers.  It  was  their  cooperative 
effort  instituted  fifteen  years  ago  that  placed  the  Ameri- 
can automobile  in  its  high  rank  among  the  products  of 
the  world.  The  standardization  achievements  of  these 
men  have  been  based  on  thorough  study,  merit  and  com- 
mon sense  from  the  start.  Greater  economy  and  speed  of 
production  of  high-class  automotive  vehicles  of  many 
kinds  now  well  known  have  resulted  from  their  'broad 
and  intelligent  procedure.  The  specific  things  done  to 
this  end  are  too  numerous  to  mention. 

The  modern  use  of  automobiles  and  much  other  auto- 
motive apparatus  would  not  be  possible  if  the  far-sighted 
automotive  engineers  had  not  promulgated  and  reduced 
to  almost  universal  practice  many  standards.  The  Society 
has  established  over  200  distinct  mechanical  and  ma- 
terial standard  specifications^  of  mounting  dimensions, 
accessories  and  the  like,  and  the  work  has  only  begun. 
The  American  automotive  engineers  have  been  the  pro- 
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genitors  of  the  world-wide  standardization  movement 
now  very  plainly  recognized.  Standardization  is  a  wise 
simplification  of  details  and  is  vitally  important  to  inter- 
national trade.  This  is  appreciated  keenly  by  those  manu- 
facturing countries  throughout  the  world  now  striving 
to  control  the  key  industries. 

With  such  a  splendid  record  of  achievement  during  the 
war,  the  Society  is  now  hard  at  work  on  many  pressing 
problems.  How  are  aircraft  production  facilities  to  be 
utilized  commercially?  How  is  the  problem  of  the  more 
efficient  use  of  fuel  to  be  met  to  conserve  the  limited 
supply?  How  is  the  need  for  a  greater  and  ever-increas- 
ing supply  of  food  to  be  faced  in  view  of  the  shortage  of 
labor?  How  is  the  distribution  of  food  and  other  com- 
modities, to  communities  distant  from  the  railroads,  to  be 
accomplished?  How  can  automotive  engineers  contribute 
to  the  successful  solution  of  these  problems  so  that  this 
country  shall  become  the  successful  competitor  it  should 
be  in  the  markets  of  the  world?  How  can  lighter,  more 
efficient  and  less  expensive  automotive  apparatus  be  pro- 
duced? 

These  are  all  questions  in  which  the  automotive  engi- 
neer has  a  vital  interest  and  which  he  must  answer; 
there  are  many  others  of  like  nature.  The  stimulation 
of  research  in  new  fields  will  have  no  small  bearing  in 
contributing  to  the  desired  results.  These  are  exactly 
the  things  for  which  the  Society  stands. 

We  are  all  keenly  interested  in  the  development  of 
aeronautics  because  it  is  of  vital  interest  to  our  country, 
forming  as  it  does  the  basis  of  preparedness  in  the  air. 
I  think  everyone  will  agree  that  we  must  never  again 
allow  this  country  to  get  into  the  relative  position  it 
occupied  in  aeronautics  in  the  early  part  of  1917.  The 
solution  of  these  problems  very  largely  depends  upon  the 
automotive  engineers,  but  we  must  take  care  that  we 
analyze  the  problems  step  by  step  and  make  sure  of  our 
recommendations.  To  carry  on  this  work  intelligently, 
we  must  keep  constantly  in  touch  with  every  phase  of 
the  situation.  I  personally  believe  that  the  final  answer 
to  thorough  preparedness  in  the  air  lies  in  commercial 
aviation,  but  at  best  it  will  be  some  time  before  aviation 
can  be  put  upon  a  commercial  basis.  In  the  meantime 
we  must  very  largely  depend  upon  Government  activities 
to  keep  us  prepared  and  as  automotive  engineers  we 
should  give  maximum  cooperation  to  Government  officials 
to  help  them   obtain  the  greatest  possible  value   for 
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every  dollar  spent  on  aviation,  as  measured  in  terms 
of  preparedness.  Our  cooperation  will  be  of  direct  value 
in  proportion  to  how  well  we  are  posted  and  how  well 
we  understand  the  problems  faced  by  Government  air- 
craft officials.  Thorough  cooperation  can  be  brought 
about  only  by  a  complete  understanding  of  each  others' 
problems.  The  only  way  to  learn  each  others'  problems 
is  to  become  well  acquainted  and  discuss  the  situation 
frankly  without  regard  to  personal  interests. 

Aerial  Mail  Service 

I  shall  discuss  briefly  the  possibilities  of  our  aerial 
mail  service  from  an  engineering  and  production  point 
of  view.  What  we  all  desire  is  to  be  reasonably  well 
prepared  in  the  air  for  possible  emergencies.  What  is 
the  best  way  to  accomplish  this  result?  Anything  that 
will  promote  the  use  of  airplanes  and  thereby  develop 
the  art  and  make  airplanes  available,  will  be  along  the 
right  lines.  During  the  next  few  years,  at  least,  such 
development  must  be  brought  about  under  Government 
direction  and  with  Government  funds  to  a  large  extent. 
The  Government  must  therefore  determine  the  best  way 
to  bring  this  development  about.  We  all  know  that  the 
most  effective  way  to  bring  about  a  development  is  to 
have  a  real  use  for  the  article  which  is  to  be  developed, 
and  the  Government  has  such  a  use  for  airplanes  in  the 
aerial  mail  service.  Why  not  develop  this  service  in  a 
whole-hearted  manner  and  bring  about  the  results  that 
vdll  be  bound  to  occur,  if  it  is  taken  seriously  and  prop- 
erly extended  throughout  our  country?  Such  a  course 
of  procedure  would,  in  my  opinion,  bring  about  the 
following  results: 

(1)  Airplanes  of  gpreatly  increased  reliability  would 
be  evolved,  because  the  planes  must  fly  on  schedule 
time  and  failure  would  therefore  be  brought  force- 
fully to  the  attention  of  the  proper  authorities 

(2)  Airplanes  of  greater  cruising  radius  would  be 
evolved,  as  it  is  desirable  to  fly  for  long  distances 
without  landing 

(3)  The  cost  of  airplanes  would  be  gfradually  brought 
down  to  a  proper  level,  because  manufacturers 
would  receive  sufficient  orders  to  warrant  tool- 
ing up 

(4)  Economical  reliable  aircraft  engines  would  be  de- 
veloped and  as  the  quantities  required  would  per- 
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mit  of  tooling  iip»  it  naturally  follows  that  such 
engfines  would  be  obtainable  on  short  notice  at 
minimum  cost.  Contrary  to  popular  opinion, 
these  engines  could '  be  developed  so  that  they 
would  be  equally  good  for  the  mail  service  and 
for  military  purposes.  Such  a  development  would 
be  of  paramount  importance,  because  it  takes  at 
least  one  year  to  develop  an  airplane  engine  and 
get  it  into  production  even  under  war-time  pres- 
sure, while  the  airplane  itself  can  be  designed 
and  put  into  production  in  less  than  one-third 
this  time,  provided  its  engine  is  a  known  quantity 
(6)  Many  improved  instruments  for  airplanes  would 
be  developed,  including  such  important  ones  as 
are  required  for  night  flying,  flying  in  cloudy 
weather,  etc. 

(6)  Such  a  program  would  gradually  increase  techni- 
cal knowledge  and  develop  craftsmen,  so  that  in 
case  of  any  emergency  material  for  a  war-time 
aircraft  organization  would  be  immediately  avail- 
able, instead  of  losing  much  technical  knowledge 
and  many  expert  artisans  developed  during  the 
war,  as  is  now  rapidly  taking  place 

(7)  There  would  be  a  constant  demand  for  good,  re- 
liable pilots,  80  that  we  would  always  have  a 
large  number  of  them  in  training,  immediately 
available  in  case  of  an  emergency 

(8)  Such  a  program,  by  keeping  the  aircraft  industry 
alive,  would  promote  the  development  of  commer- 
cial aeronautics;  this,  in  turn,  would  not  only 
hasten  the  development  of  the  aerial  mail  service 
but,  what  is  more  important,  make  available  much 
added  technical  knowledge  and  helpful  manufac- 
turing facilities  for  use  in  case  of  an  emergency 

(9)  A  complete  system  of  good  landing  fields  through- 
out our  country  is  probably  the  most  important 
step  required  to  make  the  development  of  com- 
mercial aeronautics  possible.  Obviously,  the  Gov- 
ernment cannot  be  expected  to  build  or  maintain 
such  fields,  but  the  expansion  of  the,  aerial  mail 
service  would,  in  my  opinion,  bring  about  the 
desired  result.  These  landing  fields  should  be 
provided  by  the  cities  to  be  served  by  the  aerial 
mail.  I  can  think  of  nothing  that  would  stir  up 
so  much  interest  in  commercial  aeronautics  as  a 
system  of  landing  fields  throughout  this  country, 
with  mail  planes  coming  and  going  regularly  every 
day 

(10)  In  case  of  emergency,  if  such  a  program  were  in 
force,  we  would  have  a  great  number  of  airplanes     - 
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and  pilots  quickly  available  to  do  very  valuable 
service  for  the  Army  and  to  a  certain  extent  for 
the  Navy.  It  is  of  course  true  that  the  planes 
would  not  be  military  machines,  but  they  could 
be  so  constructed,  without  interfering  with  their 
value  as  mail  carriers,  that  with  the  addition  of 
some  armament  which  could  be  very  quickly  in- 
stalled they  would  be  very  good  for  observation, 
photographing  and  bombing  work 
(11)  A  program  of  this  kind  would  result  in  the  maxi- 
mum amount  of  activity  and  development  at  mini- 
mum cost  to  the  Government,  because  this  work 
must  be  done  and,  by  using  airplanes  to  do  it»  the 
revenue  accruing  from  such  operations  would  be 
applied  toward  the  cost  of  equipment  and  main- 
tenance 

Experience  to  date  indicates  that  the  aerial  mail  service 
can  be  made  almost  if  not  entirely  self-supporting  after 
being  established;  but  this  should  not  be  taken  as  too 
important  a  consideration,  for  to  bring  about  the  results 
desired  it  will  be  important  to  have  sufficient  appropria- 
tions made  to  maintain  experimental  work  constantly  with 
a  view  to  improving  the  equipment  from  month  to  month. 
After  considerable  thought,  I  realize  more  fully  the  pos- 
sibilities of  bringing  about  a  wonderful  development  in 
aeronautics  through  the  use  of  the  aerial  mail  service  as 
a  vast  proving  organization.  I  feel  sure  that  if  such  a 
program  could  be  made  a  reality,  there  would  be  abso- 
lutely no  question  that  the  United  States  would  lead  the 
world  in  aeronautics  within  a  very  few  years. 

When  we  entered  the  recent  war  the  Government  had 
no  trouble  in  obtaining  prompt  delivery  of  passenger  cars 
and  trucks,  solely  because  such  vehicles  had  been  thor- 
oughly developed  and  were  in  quantity  production  for 
other  uses.  The  aerial  mail  service  offers  a  possibility  of 
bringing  about  the  same  condition  in  aeronautics,  by 
making  mail-carrying  airplanes  and  pilots  immediately 
available  in  cases  of  emergency  and  by  bringing  about  the 
commercial  use  of  airplanes. 

ADDRESS  OF  MAJOR-GENERAL 
C  T  MENOHER 

I  shall  present  a  few  facts  as  to  the  present  status 
of  military  aeronautics  in  this  country  and  a  thought 
or  two  as  to  what  we  may  develop  for  the  next  war  of  any 
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magnitude.  Due  to  the  enforced  development  in  aero- 
nautics during  the  late  war,  the  science  has  advanced  as 
far  as  it  would  otherwise  have  advanced  in  fifty  years. 
Practically  all  important  and  lasting  progress  made  by  the 
human  race  has  been  by  a  gradual  process  of  evolution 
as  distinguished  from  revolution.  I  regard  the  advance 
in  the  science  of  aeronautics  during  the  war  as  in  no  sense 
revolutionary,  but  strictly  evolutionary.  A  comparison 
of  any  one  of  our  standard  airplanes  with  the  one  in 
which  the  Wright  brothers  made  their  first  flight  will 
show  that  the  evolution  has  been  very  gradual  and  along 
normal  lines,  the  element  of  time  only,  that  is  ordinarily 
associated  with  the  process  of  evolution,  being  in  this 
case  very  materially  shortened.  Now  that  the  war  is 
ended  and  the  world  is  returning  to  its  normal  state  of 
being,  we  can  look  for  a  period  of  normal  conservative 
development  in  the  science  of  aeronautics. 

From  the  lessons  gained  in  the  use  of  aircraft  during 
the  late  war,  we  can  anticipate  in  a  measure  the  part  it 
is  likely  to  play  in  future  wars.  It  is  significant  that  the 
industry  which  produced  the  aircraft  was  strictly  a 
development  of  the  war.  While  it  is  possible  to  visualize 
the  possibilities  of  aircraft,  we  cannot  determine  them 
definitely  and  can  only  hope  that  the  industry  to  produce 
the  aircraft  needed  for  a  future  war  will  be  in  existence 
contemporaneously  with  the  need.  Whether  it  must  be 
developed  as  a  war-time  measure,  as  was  the  case  in  the 
last  war  is  dependent  in  large  measure  upon  the  success 
of  commercial  aeronautics.  If  aircraft  in  industrial 
and  governmental  usage  is  proved  to  be  economically 
successful,  the  industry  which  produces  the  craft  will 
be  available  for  war  production.  There  will  be  many 
types  of  aircraft  in  operation  suitable  for  some  war  use 
and  a  great  personnel  having  a  large  part  of  the  necessary 
knowledge  for  their  operation,  which  will  be  a  distinct 
asset.  In  case,  however,  of  the  economic  failure  of  air- 
craft, the  tremendous  expense  involved  in  operating  an 
adequate  air  fleet  will  necessarily  limit  the  number  which 
can  be  maintained  as  a  preparation  for  war. 

In  future  wars,  the  first  arm  of  defense  to  come  into 
active  operation  will  be  the  air  service.  The  relative  size 
of  our  air  force  and  that  of  the  enemy,  and  the  total 
number  of  machines  that  it  will  be  possible  to  put  into 
operation  immediately  after  the  war  begins  will  deter- 
mine the  character  of  the  preliminary  phase  of  the  war. 
It  is  entirely  possible  that  one  belligerent  may  have 
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sufficient  aircraft  of  adequate  size  and  range  of  acticm 
to  drop  enough  explosive  and  deadly  gases  on  the  centers 
of  government,  production  and  military  strength,  to  end 
the  war  ahnost  before  it  has  begun.  Certainly  it  would 
be  possible  to  hamper  and  delay  the  embarkation  and 
transportation  of  any  expeditionary  force  long  enough  to 
enable  the  aggressive  belligerent  to  make  a  considerable 
preparation.  In  this  connection  it  should  be  remembered 
that  the  sea,  which  was  formerly  a  barrier,  has  now 
become  a  highway;  and  that  we  will  have  much  less  time 
than  formerly  in  which  to  prepare  to  resist  an  invasion. 
The  advent  of  aircraft  has  very  materially  shortened  this 
time. 

Since  we  cannot  determine  definitely  whether  commer- 
cial aeronautics  on  a  large  scale  will  be  successful,  and 
consequently  cannot  visualize  the  size  of  the  industry  in 
the  future,  it  is  impossible  to  anticipate  the  size  of  an 
-|tir  force  that  may  be  thrown  against  us  by  any  first-class 
power.  It  is  a  military  principle,  however,  to  recognize 
that  the  initiative  and  resourcefulness  of  the  enemy  are 
probably  as  great  as  our  own,  and  to  plan  and  prepare 
for  meeting  the  worst  situation  conceivable.  We  should 
keep  in  mind  what  might  be  our  situation  should  aero- 
nautics take  the  place  in  our  governmental  and  industrial 
life  that  now  seems  possible,  and  that  a  possible  enemy 
may  have  at  his  disposal  a  large  air  force  and  the 
industry  necessary  to  maintain  it.  With  comparatively 
little  advance  in  the  development  of  the  lighter-than-air 
craft,  we  must  be  prepared  to  attack  and  destroy  dirigi- 
bles capable  of  carrying  enough  explosives  to  paralyze 
our  industrial  and  governmental  centers.  If  we  have  an 
adequate  air  force  at  our  disposal  we  should  be  able  not 
only  to  retaliate  but  to  attack  an  invading  force  at  his 
ports  of  embarkation  and  to  continue  the  attack  on  his 
transports  and  fleets  until  our  Navy  has  joined  with  his. 
In  the  naval  engagement  aircraft  will  play  an  important 
part,  not  only  as  an  auxiliary  to  the  battleships  thon- 
selves  in  fire  control,  but  by  actual  attack  by  both  heavier 
and  lighter-than-air  craft  on  hostile  war  vessels  them- 
selves. On  the  approach  of  the  enemy  fleet  to  our  coast- 
line, aircraft  will  cooperate  with  our  coast  defense;  it  will 
attack  during  his  efforts  to  disembark  and  establish  a 
base  on  our  shores;  it  will  cooperate  with  our  land  forces 
after  the  establishment  of  his  base;  and  it  will  continue 
to  attack  his  transports  and  ports  of  embarkation,  and 
even  his  depots  and  munition  plants,  throughout  the  war. 
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Aircraft  in  War 

The  two  general  classes. of  use  of  aircraft  in  war  are 
first,  by  the  Army  and  Navy  in  direct  cooperation  with 
their  troops  or  their  fleet,  including  observation  and 
reconnaissance,  regulation  of  artillery  fire  and  liaison 
work;  and  second,  pursuit  or  the  attack  of  aircraft  by 
aircraft;  bombardment,  day  and  night,  of  ground  objec- 
tives; and  attack  by  machine-guns  and  small  cannon  of 
troops  and  material  on  the  ground.  The  first  class  of  use 
increases  and  decreases  with  the  size  of  the  Army  and 
the  Navy.  The  second  is  dependent  only  upon  the  ability 
of  a  nation  to  produce  and  maintain  aircraft.  The 
reliance  of  the  service  upon  aircraft  has  becone  such  that 
it  will  be  necessary  to  maintain  a  considerable  air  force 
as  a  part  of  every  peace-time  establishment.  It  will  be 
impossible  to  train  troops  and  prepare  them  adequately 
for  war  without  it.  Every  country  must  be  willing  to 
assume  the  expense  involved  in  producing  aircraft  for 
the  peace-time  training  of  its  Army  and  Navy,  no  matter 
what  the  expense  may  be;  so,  we  can  expect  in  any 
future  war  to  find  at  the  beginning  of  hostilities  the 
aircraft  needed  for  immediate  service  with  the  Army 
and  Navy. 

It  will  be  impossible  for  any  country,  no  matter  how 
wealthy,  to  maintain  an  industry  capable  of  turning  out 
aircraft  at  the  rate  required  unless  commercial  aeronau- 
tics is  successful.  In  any  case,  when  war  is  declared, 
there  will  be  a  determined  effort  on  the  part  of  the  bellig- 
erents to  produce  aircraft  for  war  purposes  just  as  fast 
as  possible,  and  the  size  and  training  of  the  then  exist- 
ing industry,  which  will  form  a  nucleus  for  expansion, 
will  probably  determine  which  belligerent  will  be  able  to 
gain  control  of  the  air.  Furthermore,  it  is  almost  incon- 
ceivable that  control  of  the  air  will  not  be  one  of  the 
deciding  factors  in  any  future  war. 

Future  Tactical  Use  of  Aircraft 

In  any  war  with  a  first-class  power,  the  tactical  use 
of  aircraft  against  enemy  elements  coming  across  the 
sea,  whether  in  the  air  or  on  the  water,  will  probably 
proceed  along  the  following  or  similar  lines : 

(1)  Long-range  reconnaissance  by  rigrid  airship  from 
some  shore  base  to  locate  hostile  air  forces  or 
hostile  fleets.  This  will  lead  to  combat  between 
airships 
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(2)  After  contact  has  been  established  between  air 
forces,  a  battle  or  series  of  battles  will  occur  be- 
tween pursuit  aircraft  to  determine  the  control 
of  the  air 

(3)  Control  of  the  air  having  been  established,  aircraft 
will  attack  enemy  ships,  both  surface  and  subma- 
rine.    This  will  be  by 

(a)  Direct  attack.  Attack  aviation  will  engage 
ships  of  all  characters  with  cannon  and  ma- 
chine-guns, to  occupy  the  personnel  of  the 
.  ships  and  prevent  them  from  using  their 
means  of  defense  against  aircraft.  Such  at- 
tacks will  be  carried  out  at  low  altitude  and 
control  will  be  by  radio  from  the  air,  in  addi- 
tion to  pre-arranged  orders  and  ordinary 
signals 

(6)  Bombardment.  When  the  attack  aviation  has 
engaged  the  hostile  naval  vessels,  bombard- 
ment aviation  vnll  attack  with  projectiles  of 
weights  up  to  and  probably  exceeding  one 
ton  and  designed  to  make  direct  hits  on  the 
vessels.  Projectiles  being  considered  for  this 
purpose  are  thermite  or  burning  types;  those 
throwing  smoke  screens  on  the  ship  itself,  to 
prevent  the  personnel  from  seeing  objects 
around  it;  armor-piercing  projectiles  of  vari- 
ous kinds,  designed  to  penetrate  protective 
decks;  depth  bombs,  etc. 

(c)  Water  torpedo  attack.  By  bombardment  air- 
planes carrying  water  torpedoes.  This  attack 
will  be  made  under  cover  of  the  two  attacks 
just  described 

(d)  Submarine  attack.  Directed  by  radio  from 
airplanes 

Attack  at  night  will  be  carried  out  in  a  manner  similar 
to  that  of  the  day  attack,  with  the  additional  use  of  flam- 
ing projectiles  and  parachute  flares  to  blind  the  personnel 
and  put  out  their  searchlights. 

It  is  significant  that  at  the  price  of  about  $35,000  per 
plane,  a  fleet  of  a  thousand  bombardment  planes  could  be 
acquired  for  the  present  price  of  one  battleship. 

Separate  Air  Service 

As  to  my  attitude  with  regard  to  the  so-called  separate 
air  service,  I  have  been  contending  all  along  for  three 
things.  First,  the  Army  and  the  Navy  should  each  retain 
its  own  air  service;  that  is,  the  personnel  and  materiel 
necessary  to  carry  on  the  work  of  the  Army  as  a  thor- 
oughly balanced  force,  complete  in  all  its  parts,  should  be 
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retained  as  a  part  of  the  Army,  I  consider  that  the 
taking  away  from  the  Army  of  the  air-servioe  persoBnel 
which  is  to  function  with  the  Army  would  be  a  very  grave 
mistake.  Too  little  cohesion  existed  between  the  ground 
troops  and  the  air  service  during  the  war.  I  attribute 
this  more  to  lack  of  intimate  association  than  to  anything 
else.  The  only  way  in  which  we  can  get  mutual  sympathy 
and  cooperation  is  by  having  these  arms  of  the  service 
closer  together.  Second,  the  Army  and  the  Navy  each 
have  special  requirements  in  aircraft  that  would  not  be 
appreciated  by  any  purely  civilian  agency,  and  each  must 
carry  on  its  own  experimental  development  to  the  end 
that  the  special  requirements  can  be  met.  After  having 
once  determined  upon  a  type  suitable  for  a  special  need, 
the  matter  of  production  should  be  turned  over  to  some 
other  agency.  Third,  all  matters  of  production  should  be 
in  the  hands  of  some  central  agency.  It  seems  logical 
that  this  should  be  a  civilian  agency,  either  independent 
of  or  subordinate  to  any  of  the  present  executive  depart- 
ments of  the  Government.  This  agency,  in  addition  to 
handling  production,  should  take  care  of  all  the  so-called 
civil  activities  of  the  Government.  These  include  the 
forest  patrol,  the  coast  and  geodetic  survey,  rules  and 
regulations  for  the  navigation  of  the  air,  the  licensing 
of  pilots,  inspection  of  aircraft  and  all  things  that  must 
be  covered  before  we  can  have  thorough  Government  con- 
trol of  civil  and  commercial  aeronautics. 

REMARKS  BY  COL  THURMAN  H  BANE 

We  have  had  in  this  country  for  a  number  of  yeirs 
an  Army  and  a  Navy  working  by  themselves,  trying 
to  solve  the  problem  of  the  defense  of  the  country.  We 
now  have  a  youngster,  an  air  service,  that  thinks  per- 
haps it  ought  to  be  allowed  to  take  a  share  in  the  solving 
of  the  defense  problems  of  the  country.  It  appears  that 
it  is  high  time  that  these  two  full-grown  individuals  and 
this  youngster  should  be  required  to  work  as  one  unit 
for  the  defense  of  the  country. 

It  might  be  desirable  to  have  a  single  department  of 
defense,  a  secretary  of  war,  for  example,  or  a  secretary 
of  national  defense.  Under  this  secretary  of  national  de- 
fense an  Army,  a  Navy  and  an  Air  Service  might  be 
combined,  having  a  single  general  staff  composed  of 
ofiteers  of  the  Army,  the  Navy  and  the  Air  Service.  The 
handling  of  all  problems  of  defuse  would  then  be  com- 
bined in  one  unit  and  coordination  and  liaison  would 
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exist,  that  certainly  do  not  and  cannot  exist  under  the 
separate  organizations  we  now  have. 

REMARKS  BY  AIR  COMMODORE 
LEO  CHARLTON 

When  I  landed  in  this  country  about  a  year  ago  to 
take  up  my  present  appointment,  I  found  the  Aero- 
nautical Show  of  1919  in  full  swing.  It  can  only  be  grati- 
fying to  realize,  as  all  must  do,  how  successful  has  been 
the  endeavor  of  those  in  the  industry  to  turn  the  science 
of  aeronautics  from  the  side-track  to  which  it  was 
shunted  during  the  war  toward  the  main  line  of  com- 
merce, because  the  commercial  machine  will  undoubtedly 
mean  more  for  the  defence  of  the  country  in  an  emer- 
gency, if  properly  developed,  than  other  forms.  Although 
the  progress  of  the  last  year  has  been  steady,  it  cannot 
be  said  to  have  been  very  great  in  volume.  The  volume 
of  production  in  the  coming  year  might  be  increased, 
apart  from  the  unlimited  loosening  of  purse  strings,  by 
a  country-wide  propaganda  education  of  the  public.  Prop- 
aganda in  this  form  no  longer  exists  in  my  own  country; 
it  was  supplied  to  us  by  our  enemies.  No  less  than  50 
per  cent  of  the  inhabitants  of  the  British  Isles,  either 
directly  or  indirectly,  were  witnesses  of  or  sufferers  from 
the  visitations  of  hostile  aircraft  during  the  war.  They 
were  thus  provided  with  a  free  education  as  to  their, 
deadly  effectiveness  and  taught  the  absolute  need  of  an 
adequate  air  fleet.  Thus  was  provided  the  incentive  to 
the  great  public,  with  the  result  that  now  the  total  aero- 
nautical energy  of  the  country  is  amalgamated  into  a 
separate  Government  department  and  most  of  the  funds 
at  its  disposal  are  devoted  to  experiment  and  research. 
You  were  deprived  of  that,  but  the  penalty  you  pay  is 
perhaps  an  optimistic  outlook  in  the  country  at  large  as 
to  the  needs  of  aeronautics. 

I  will  touch  only  in  a  general  sense  on  the  contro- 
versial matter  which  I  am  aware  exists  in  this  country  as 
regards  the  need  of  a  separate  air  service.  No  one 
knows  better  than  I  the  different  problems  that  different 
countries  have;  and  that  different  countries  have  different 
and  efficacious  methods  of  solving  the  same  problem.  I 
will  therefore  conclude  with  the  allegory  that  a  growing 
tree  can  stand  by  itself;  that  the  sapling  even,  if  of 
sturdy  growth,  can  grow  straight;  but  that  the  tendril, 
unless  it  is  deformed,  must  be  supported. 
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ADDRESS  OF  COMMANDER  G  C 
WESTERVELT 

The  future  of  naval  aeronautics  is  bound  up  in  the 
future  of  aeronautical  science  in  general.  Along  with 
military  and  commercial  aeronautics,  naval  aeronautics 
must  be  pushed  ahead  as  far  as  possible.  Before  com- 
menting upon  the  expectations  of  the  naval  service 
with  regard  to  aeronautics,  it  will  be  interesting  to 
review  several  features  of  its  development  thus  far. 

The  first  twelve-cylinder  Liberty  engine  to  fly,  flew  in 
a  Navy  flying-boat.  It  was  first  shown  at  the  Bureau  of 
Standards  in  Washington.  I  was  very  much  interested 
in  it,  because  the  Navy  had  decided  to  plunge  absolutely 
on  the  Liberty  engine.  They  had  decided  to  install  it  on 
all  of  the  flying-boats  they  were  going  to  use  for  sub- 
marine patrolling  purposes.  At  this  time  the  Liberty 
engine  was  not  an  approved  instrument;  so  we  were 
watching  it  with  the  greatest  interest. 

The  engine  was  made  the  basis  of  the  Navy  program. 
Its  success  was  so  great,  although  it  had  many  defects 
which  had  afterwards  to  be  worked  out,  that  we  decided 
no  mistake  had  been  made.  The  risk  we  had  taken  in 
plunging  on  one  engine  and  basing  our  entire  program 
absolutely  on  its  successful  outcome,  had  been  warranted 
by  the  remarkable  skill  of  the  engineers  who  had  de- 
signed it.  The  result  was  that  when  the  Liberty  engines 
began  to  come  through  in  improved  condition,  we  were 
able  to  ship  flying-boats  abroad  for  use  at  the  fifteen 
stations  we  had  in  European  waters,  in  such  numbers  that 
more  than  two  months  before  the  signing  of  the  armistice 
we  stopped  shipping  them.  This  was  made  possible  by 
the  fact  that  the  Liberty  engine  was  remarkably  suc- 
cessful and  because  most  of  the  pioneer  aircraft  manu- 
facturers in  the  United  States  were  assigned  to  Navy 
production  exclusively.  It  demonstrated  conclusively  that 
the  pioneers  in  the  airplane  business  were  the  ones  who 
knew  most  about  the  plane  business,  tliey  being  able  to 
get  more  quickly  into  the  comparatively  small-scale  pro- 
duction that  the  Navy  needed. 

Navy  Plans  for  Aircraft 

Our  plans  for  the  future  are  mainly  plans  of  develop- 
ment. Naturally,  we  do  not  expect,  during  the  next  year 
or  two,  any  considerable  quantity  of  production.    We  do 
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not  need  it.  But  what  we  must  undertake  is  development 
work  along  strictly  naval  lines.  It  has  very  little  bearing 
upon  t3rpes  required  for  land  work;  the  Navy  has  prob- 
lems to  meet  which  are  peculiar  to  its  service. 

We  cannot  pretend  to  this  Society  and  to  the  aircraft 
manufacturers  that  we  will  be  able  to  assist  in  production 
matters  to  any  great  extent.  We  do  not  expect  to  have 
the  necessary  money  during  the  next  two  or  three  years 
to  encourage  production.  This  is  regrettable  because  we 
realize  that  we  must  look  to  the  commercial  development 
for  a  large  part  of  our  own  naval  development.  We  can- 
not use  commercial  machines,  but  we  can  use  the  same 
materials,  manufacturing  facilities,  mechanics,  designing 
skill  and  skill  of  every  sort  that  enter  the  development 
and  manufacture  of  commercial  machines. 

Separate  Aik  Service 

Regarding  the  question  of  the  separate  air  service,  I 
will  comment  briefly  upon  the  attitude  of  the  naval  serv- 
ice. Very  few  Navy  men  have  been  called  into  the  dis- 
cussion. I  feel  absolutely  certain  that  the  Navy  feels 
that  to  take  naval  aeronautics  away  from  the  naval 
service  would  be  a  very  great  mistake.  The  Navy  thinks 
not  in  terms  of  the  battleship  service,  the  destroyer,  the 
submarine  or  the  air  service,  but  purely  in  terms  of  the 
naval  service.  It  cannot  be  realized  by  anyone  except 
persons  who  have  lived  for  some  time  in  the  atmosphere 
of  the  naval  service,  that  the  Navy  is  made  up  of  various 
elements,  all  necessary  to  its  whole,  and  that  if  any  one 
of  those  elements  is  removed  the  whole  is  incomplete. 
In  the  naval  service,  we  believe  that  if  naval  aeronautics 
were  taken  away  and  placed  under  a  separate  organiza- 
tion, it  could  not  develop  with  the  spirit  of  the  naval 
service,  or  along  the  lines  which  the  naval  service  con- 
siders necessary.  Therefore,  we  feel,  and  fear,  that 
naval  aeronautics  will  come  to  a  standstill  if  taken  out 
of  the  naval  service  and  placed  under  a  separate  organi- 
zation. 

So  far  as  the  personnel  of  the  naval  air  service  is  con- 
cerned, we  believe  that  its  place  is  in  the  Navy  as  a  part 
of  the  Navy.  We  want  to  stay  in  the  Navy,  we  look  with 
disfavor,  even  with  fear,  upon  being  transferred  to  a 
separate  organization.  This  is  not  a  selfish  viewpoint, 
because  the  probability  is  that  all  members  of  the  naval 
air  service  would,  if  transferred  to  a  separate  organiza- 
tion, benefit  very  much  in  rank  and  in  emoluments. 
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I  wish  to  say  that  anyone  who  works  for  a  separate 
air  service,  at  the  expense  of  the  naval  air  service,  is 
taking  steps,  so  far  as  the  Navy' is  concerned,  which  the 
people  in  the  Navy  believe  will  not  be  for  the  benefit 
either  of  the  Navy  or  the  country.  They  believe  that 
those  who  are  working  with  the  object  of  maintaining 
in  the  Navy,  and  in  the  Army,  the  control  of  their  own 
military  aeronautical  affairs,  are  working  not  only  in 
the  interests  of  the  military  arms,  but  of  the  country  as 
a  whole.  We  in  the  service  look  to  you  confidently  to 
base  your  decisions  only  upon  the  cold  logic  of  reason- 
ing, and  then  cooperate  with  us  if  you  can.  We  assure 
you  that  we  will  cooperate  with  you,  and  we  look  to  you 
for  assistance. 

ADDRESS  OF  GEORGE  H  HOUSTON 

When  I  was  asked  to  talk  here  this  evening,  I  was 
very  directly  reminded  that  this  was  to  be  an  engi- 
neering meeting,  and  that  there  were  certain  things  I  was 
not  to  talk  about.  I  have  listened  with  a  great  deal  of  in- 
terest to  the  talks  we  have  just  heard  and  I  want  to  say 
to  the  representatives  of  the  Army  and  the  Navy  here 
that  the  point  of  view  they  have  expressed  is  one  that 
should  receive  the  most  careful  and  painstaking  atten- 
tion on  the  part  of  the  Congress  in  this  country,  in  work- 
ing out  this  aircraft  problem.  I  would  also  say,  however, 
that  there  are  certain  political,  psychological,  financial 
and  administrative  aspects  of  the  problem,  which  in  the 
analysis  they  have  made  this  evening  have  not  been 
taken  into  consideration.  I  do  not  propose  to  discuss 
them  this  evening.  I  believe  that  there  are  two  sides 
to  this  vitally  important  question,  and  I  am  frank  to  say 
that  the  final  answer  has  probably  not  yet  been  reached. 
I  hope  it  will  be  reached  in  a  short  time,  because  I  believe 
the  difference  of  opinion  and  the  resulting  deadlock  are 
doing  more  to  stagnate  the  development  of  aeronautics 
in  this  country  than  all  other  influences  together. 

I  have  been  closely  associated  with  the  development 
of  the  aeronautical  industry  since  it  was  practically 
nothing  but  a  production  industry  for  our  Allies.  I  have 
given  the  future  development  of  it  considerable  thought. 
The  aspect  of  future  development  that  has  struck  me 
more  forcefully  than  any  other  is  that  before  aeronautics 
can  become  of  great  importance  to  this  country,  it  must 
be  more  generally  understood  by  the  people  of  this  coun- 
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try,  as  a  whole;  that  is,  they  must  grasp  the  problems 
that  aeronautics  will  solve,  and  the  problems  that  aero- 
nautics brings.  In  other  words,  they  must  get  the  point 
of  view  of  this  new  thing  that  has  come  into  our  lives, 
before  real  progress  can  be  made. 

The  history  of  civilization,  from  its  earliest  incep- 
tion, has  been  a  story  of  the  development  of  methods  of 
communication  and  transportation.  Man  early  learned  to 
use  animals  as  beasts  of  burden,  and  to  transport  himself 
by  physical  labor  upon  the  surface  of  the  water.  He 
later  learned  to  use  the  wind  as  a  means  of  propulsion 
upon  the  water;  but  beyond  this  point  little  progress  was 
made  for  many  ages.  With  the  invention  of  the  steam 
engine,  great  strides  were  made  in  the  development  of 
the  locomotive  and  the  steamship.  It  is  needless  to  call 
attention  to  the  way  in  which  these  two  developments 
have  revolutionized  man's  entire  point  of  view  toward 
life.  It  is  hard  to  believe  that  the  first  steamship  crossed 
the  Atlantic  only  one  hundred  years  ago,  that  the  first 
railroad  crossed  this  continent  scarcely  fifty  years  ago, 
or  that  the  first  automobile  was  made  in  this  country 
in  1898. 

Great  as  has  been  the  effect  upon  the  life  of  man  of 
the  development  of  these  modes  of  mechanical  transporta- 
tion, the  ultimate  effect  of  aerial  flight  will  be  still 
greater.  Man  dreamed  of  flying  for  hundreds  of  years. 
We  read  of  how  Leonardo  da  Vinci,  among  all  of  his  enter- 
prises in  art  and  engineering,  dreamed  and  worked  for 
a  solution  of  the  great  problem  of  human  flight,  but  with- 
out success.  This  effort  continued  from  generation  to 
generation  with  apparently  no  progress  toward  the  solu- 
tion of  the  reason  why  man  cannot  fly  as  readily  as  the 
birds.  Many  of  the  greatest  scientists  of  modem  times 
have  given  much  time  and  thought  to  the  determination 
of  this  problem;  but  it  remained  for  two  unknown  youths, 
with  little  technical  education,  to  discover  the  principle 
upon  which  human  flight  depends. 

Man  successfully  flew  for  the  first  time  when  the 
Wright  brothers  proved  their  invention  by  flying  at 
Kitty  Hawk,  N.  C,  Dec.  17,  1908.  It  was  not  until 
1908,  however,  that  the  world  became  convinced  that 
human  flight  was  possible.  Many  will  remember  how 
the  papers  scoffed  at  Wilbur  Wright  at  LeMans,  France, 
for  his  presumption  in  thinking  he  could  fly,  and  how 
the  sentiment  reversed  itself  when  his  triumphant 
flights   were   witnessed.     During   the   same   year   the 
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Wright  brothers  flew  before  the  rulers  of  England, 
France,  Italy  and  Germany,  and  Orville  Wright  flew 
at  Fort  Myer  near  Washington.  The  result  of  these 
efforts  was  the  recognition  throughout  the  world  of  their 
contribution  to  the  science  of  aerodynamics  and  to  the 
art  of  flying.  Others  in  America,  France,  England  and 
Germany,  were  also  studying  this  problem  of  human 
flight,  but  the  progress  was  slow.  Many  of  the  best  and 
most  aggressive  persons  working  for  its  solution  were 
killed  by  accidents,  and  their  work  destroyed.  During 
this  period  much  speculation  was  indulged  in  as  to  the 
usef ubiess  of  the  airplane  and  the  dirigible  for  the  prac- 
tical requirements  of  man,  but  when  in  1914  the  world 
war  began  it  was  shortly  discovered  that  aircraft  are  of 
great  value  in  military  operations.  The  science  of  aero- 
dynamics and  the  practical  production  and  use  of  aircraft 
were  still. in  an  embryonic  condition.  Probably  no  art 
or  science  in  the  world's  history  has  developed  so  rapidly 
as  the  art  of  human  flight  since  1914.  The  history  of 
this  development  when  written  will  make  the  development 
of  the  railroad  and  the  steamship  appear  very  slow  by 
comparison.  In  1908  the  Wright  brothers  sometimes 
flew  as  long  as  30  min.  at  a  time.  In  1919,  only  eleven 
years  later,  and  after  five  years  of  exclusive  use  of  aero- 
nautical equipment  for  purposes  of  warfare,  we  find  the 
airplane  and  the  dirigible  coming  into  daily  use  in  every 
part  of  the  world  for  many  kinds  of  military  and  com- 
mercial uses. 

Looking  over  the  entire  field  of  aeronautical  activity, 
we  see  before  us  the  beginning  of  a  vast  industry  whose 
growth  throughout  the  world  during  the  next  decade  will 
be  phenomenal,  and  probably  beyond  the  expectation  of 
the  most  sanguine.  This  growth  involves  the  solution 
of  many  serious  problems,  however,  and  I  regret  to  say 
that  they  are  not  being  given  the  consideration  here  in 
the  United  States  that  they  deserve  or  that  they  are  re- 
ceiving abroad.  It  was  the  inventive  genius  of  American 
citizens  that  first  made  human  flight  possible.  Daring 
and  resourceful  American  citizens  first  spanned  the  At- 
lantic by  human  fiight,  the  initiative  of  an  American 
Government  oflicial  first  made  aerial  mail  transportation 
a  practical  success;  but  in  general  we  are  not  giving  to 
the  solution  of  our  aeronautical  problems  the  farsighted 
constructive  thought  that  it  deserves  and  requires  if  we 
are  to  keep  abreast  of  foreign  progress.  The  problems 
involved  in  this  development  are  complex  and  difScult 
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and  their  practical  solution  can  be  achieved  only  by  the 
thoughtful  attention  of  everyone  concerned.  I  group 
these  problems  into  four  general  classes 

(1)  International  relations 

(2)  National  control 

(3)  Commercial,  industrial  and  technical  development 

(4)  Provision  for  national  defense 

International  Relations  and  National  Control 

Due  to  the  high  speed  of  transportation  and  the  great 
distances  covered,  human  flight  is  of  necessity  an  inter- 
national activity.  This  is,  of  course,  truer  of  European 
countries  than  it  is  of  America;  but  even  in  America  we 
are  already  confronted  with  the  problem  of  planes  flying 
across  the  border  to  and  from  Canada,  Mexico,  Cuba  and 
the  Bahamas. 

Aeronautical  transportation  between  the  Bahama  Isl- 
ands, Cuba  and  Florida,  promises  to  grow  with  unprece- 
dented rapidity  due  to  recent  developments  within  the 
United  States  itself;  so  that  even  this  country  must 
recognize  the  international  character  of  aviation  and 
make  provision  accordingly.  This  aspect  of  the  situation 
has  long  been  given  careful  study  by  European  countries 
and,  as  a  part  of  the  peace  negotiations,  a  conference  was 
held  in  Paris,  attended  by  representatives  of  all  the 
Allies,  for  the  preparation  of  to  international  agreement 
setting  forth  the  principles  which  shall  govern  the  con- 
trol of  air  flight  between  the  nations  of  the  world.  This 
agreement  was  accepted  by  the  representatives  of  the 
United  States  subject  to  the  ratification  of  the  Senate, 
with  certain  reservation  which  in  the  opinion  of  the 
American  industry  were  justifiable  and  reasonable.  This 
international  convention  was  remarkable  and  a  very  efifec- 
tive  start  toward  international  aviation  law;  it  has  been 
ratified  by  every  one  of  the  Allies  except  the  United 
States,  Japan  and  Canada.  Its  early  ratification  by  the 
United  States  would  probably  be  followed  shortly  by  its 
ratification  by  Canada,  and  would  mean  the  establish- 
ment of  effective  international  regulation  of  air  flight 
on  this  side  of  the  Atlantic. 

This  international  agreement,  however,  involves  cer- 
tain undertakings  on  the  part  of  the  United  States  which 
deserve  immediate  and  careful  attention,  whether  the 
convention  is  ultimately  ratified  or  not.   These  obligations 
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pertain  to  the  control  of  the  construction  and  use  of  air- 
craft in  general 

(1)  To  prevent  improper  and  dangerous  craft  being 
built 

(2)  To  prevent  craft  being  improperly  operated,  either 
through  ignorance  or  carelessness 

(3)  To  define  the  rules  of  aeronautical  commerce  in 
conformity  with  international  practice ;  so  that  uni- 
form methods  of  operation,  signaling,  landing,  etc., 
will  develop  throughout  the  world 

Industrul  and  Technical  Development 

Aeronautical  transportation  as  a  commercial  activity 
cannot  become  a  fact  until  conditions  surrounding  the 
use  of  aircraft  are  established  in  such  a  way  as  to  create 
stability  and  safety  of  operation,  regular  routes  of 
commerce  and  reasonable  economy.  Given  reasonably 
intelligent  construction  of  aircr^t  and  correspondingly  in- 
telligent operation,  there  is  little  risk  in  aerial  transporta- 
tion, except  as  to  the  dangers  involved  in  landing.  These 
dangers  can  be  almost  entirely  overcome  by  properly  con- 
structed and  well-located  landing  fields. 

The  development  and  perfection  of  this  equipment  are 
the  particular  problems  the  members  of  this  Society  are 
being  asked  to  cope  with.  I  refer  to  this  not  in  criticism 
of  what  has  been  accomplished  in  the  past,  which  has 
been  truly  remarkable,  but  to  emphasize  the  vital  impor- 
tance to  the  success  of  commercial  aeronautical  trans- 
portation, of  continued  development  in  this  direction. 
This  field  is  so  great,  involving  as  it  does  motive  power, 
heavier-than-air  and  lighter-than-air  craft,  accessories 
and  instruments  of  all  kinds,  that  we  must  realize  the 
wonderful  possibilities  that  remain. 

Progress  is  possible  only  through  extensive  laboratory 
and  experimental  work  of  an  unusually  expensive  tiature, 
as  for  instance  the  altitude  flights  that  have  recently  been 
made  by  Major  Schroeder  and  others  in  an  effort  to  come 
to  a  clear  understanding  of  the  conditions  of  the  upper 
atmosphere.  It  is  not  practical  to  expect  the  private  en- 
terprises now  behind  this  infant  industry  to  support  all 
of  this  experimentation,  particularly  as  the  greater  part 
of  it  is  of  immeasurable  value  to  the  Government  for 
purposes  of  national  defense  and  otherwise.  While  it  is 
exceedingly  undesirable  for  the  Government  to  undertake 
to  design  its  own  craft,  instead  of  developing  such  de- 
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tailed  design  by  private  initiative  through  competition, 
yet  it  is  desirable  for  the  Government  to  carry  on  this 
fundamental  experimental  work.  To  this  end  there  must 
be  maintained  an  organization  properly  equipped  for 
the  testing  out  of  any  new  equipment  that  is  brought  to 
it,  and  for  the  carrying  on  of  such  experimental  work  as 
is  necessary  to  properly  establish  the  science  of  aero- 
dynamics. 

There  are  no  insurmountable  difficulties  in  working  out 
any  of  these  problems,  or  in  establishing  these  aspects 
of  commercial  aviation.  The  one  great  remaining  diffi- 
culty, however,  is  almost  insurmountable  at  present.  I 
refer  to  the  matter  of  reasonable  economy  of  operation. 
It  is  at  this  point  that  the  aeronautical  industry  requires 
the  assistance  of  Federal,  State  and  municipal  Govern- 
ments. Just  as  the  nation  and  the  communities  have 
built  a  net-work  of  roads  throughout  the  country  for 
the  transportation  of  vehicles,  just  as  Federal  and  State 
Governments,  and  municipalities  gave  all  possible  en- 
couragement in  the  early  days  through  grants  of  land 
and  otherwise  to  the  construction  of  railroads,  and  just 
as  the  Federal  Government  and  municipalities  undertake 
today  to  develop  our  harbors  and  water-ways,  so  it  is 
necessary  the  aeronautical  transportation  industry  be 
helped  to  establish  the  conditions  under  which  air  flight 
must  be  carried  on.  I  do  not  mean  by  this  that  the 
industry  of  aircraft  production  should  be  subsidized. 
The  development  of  the  production  industry  is  in  reality 
not  the  solution  of  this  problem,  in  that  it  bears  about 
the  same  relation  to  aeronautical  transportation  that  the 
production  of  locomotives  and  freight  cars  bears  to  the 
railroad  transportation  problem.  Given  a  profitable  and 
well-organized  aeronautical  transportation  industry,  the 
production  of  aircraft  and  aircraft  equipment  will  take 
care  of  itself  upon  a  satisfactory  and  self-supporting 
basis;  but  in  my  opinion  aeronautical  transportation  in 
the  United  States  will  develop  with  exceeding  slowness 
and  will  be  far  outstripped  by  similar  development  in 
foreign  countries  unless  the  Government  of  the  United 
States  and  the  Governments  of  the  States  and  munici- 
palities, each  actively  participate  in  the  development  of 
flying  routes,  in  the  preparation  and  equipment  of  flying 
fields,  in  the  provision  of  adequate  signaling  and  com- 
munication systems,  meteorological  service  and  the  carry- 
ing out  of  extensive  technical  experimentation.  I  am 
confident  on  the  other  hand  that  with  well-established 
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flying  routes  equipped  with  adequate  fiy^^g  6elda  prop- 
erly located  and  provided  with  the  resources  above  enu- 
merated, commercial  aviation  will  become  a  fact  through- 
out all  of  this  country  to  an  extent  undreamed  of  at  the 
present  time. 

Providing  for  National  Defense 
The  only  practical  way  in  which  the  Nation  can  be 
prepared  with  an  adequate  supply  of  aircraft  for  its  pro- 
tection in  case  of  necessity  is  to  develop  a  large  aerial 
merchant  marine,  made  up  of  an  extensive  personnel 
trained  to  constant  flying,  and  a  mass  of  flying  and  pro- 
duction equipment  the  greater  part  of  which  would  be 
applicable  to  military  purposes  in  case  of  need.  I  will 
grant  at  once  that  aircraft  used  for  commercial  purposes 
is  not  altogether  eflfective,  or  even  desirable,  for  military 
purposes.  It  would  be  effective,  however,  for  internal 
transportation  and  training  purposes,  and  the  production 
facilities  and  organization  used  for  making  commercial 
craft  and  the  technical  facilities  used  in  the  designing 
and  development  of  commercial  craft  would  be  imme- 
diately available  for  the  production  of  military  craft  in 
the  shortest  possible  time.  It  was  the  lack  of  this  tech- 
nical experience  and  of  the  production  facilities  and  per- 
sonnel that  made  the  production  of  aircraft  in  the  United 
States  during  the  late  war  such  an  insurmountable  prob- 
lem. It  would  of  course  be  necessary  to  have  a  nucleus 
of  military  craft  and  personnel  trained  to  the  highest 
possible  degree  in  the  science  of  aeri^  warfare.  Such 
a  military  air  service  in  time  of  war  would  maintain  the 
same  relation  to  the  air  service  as  a  whole  as  the  regular 
Army  maintained  to  the  Army  of  the  United  States  dur- 
ing the  late  war. 

Current  Flight  Mileage  and  the  Future 

Scarcely  sixteen  years  ago  the  Wright  brothers  made 
four  flights,  the  longest  being  852  ft.  During  the  eight 
months  from  May  to  December,  1919,  in  England  alone 
in  civil  aviation,  exclusive  of  the  competition  flights  from 
England  to  Australia,  over  590,000  miles  were  flown. 
When  American,  French,  Italian,  German,  Japanese  and 
other  civilian  aviation  is  included,  and  military  aviation 
is  considered,  it  will  be  seen  that  the  human  race  flew 
in  the  past  year  probably  in  excess  of  2,000,000  miles. 

Today  man  has  surpassed  the  flight  of  birds  in  every 
particular  except  one,  the  safety  with  which  he  alights. 
He  has  flown  higher  and  farther  and  more  rapidly  than 
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any  bird  that  has  ever  lived  or  ever  will  live.  It  is  only 
a  matter  of  time  when  he  will  learn  how  to  alight  with 
security  equal  to  that  of  his  other  attainments.  If  such 
progress  has  been  made  in  the  past  sixteen  years,  let 
us  consider  what  we  may  expect  in  the  next  ten  and  lay 
our  plans  accordingly. 

The  Society  of  Automotive  Engineers  has  an  oppor- 
tunity during  the  next  few  years  to  be  of  great  value  in 
the  development  of  this  new  industry,  through  the  perfec- 
tion of  the  mechanical  equipment  which  it  requires  and 
through  the  exercise  of  its  influence  in  bringing  about 
the  conditions  necessary  for  the  successful  carrying  on 
of  commercial  aeronautics. 


THE  HEAT-TREATING  OF  BRAZED 
FITTINGS  FOR  AIRCRAFT 

By  Archibald  Black^ 

A  tendency  exists  in  most  shops  to  assume  that 
brazed  joints  cannot  be  successfully  heat-treated.  As 
a  consequence,  many  fittings  used  in  aircraft  work 
and  assembled  by  brazing  smaller  parts  together  are 
finished  and  installed  without  being  heat-treated  after 
the  brazing  operation.  This  practice  causes  parts  to 
be  used  that  not  only  do  not  develop  the  available 
strength  of  the  material,  but  which  are  in  some  cases 
under  internalAtress  due  to  the  heating  in  the  brazing 
operation.  Recent  experiments  made  at  the  Naval 
Aircraft  Factory  show  that  the  assumption  mentioned 
is  entirely  erroneous.  The  author  considers  this  mat- 
ter with  a  view  to  specifying  the  use  of  steels  and 
brazing  spelters  which  will  permit  the  subsequent  or 
perhaps  the  simultaneous  heat-treatment  of  the  parts. 

The  spelters  required,  their  melting  and  approximate 
softening  points  to  avoid  the  destruction  of  the  brazed 
joint  during  heat-treatment,  are  discussed  and  data 
concerning  them  and  the  steels  likely  to  be  required 
for  aircraft  parts  are  presented  in  accompanying 
charts.  Heat-treatment  is  then  taken  up  and  notes 
regarding  the  heat-treating  of  the  tube  struts  used  in 
aircraft  work  are  given,  the  conclusion  reached  being 
that  nothing  is  gained  by  the  use  of  high-strength  steel 
where  the  length  divided  by  the  least  radius  of  gyra- 
tion exceeds  about  100. 


'Engineer  In  charge  of  aeronautical  speciflcations,  Bureau  of  Con- 
struction and  Repair,  Navy  Department,  Washington. 
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A  tendency  exists  in  most  shops  to  assume  that  brazed 
joints  cannot  be  successfully  heat-treated.  As  a  conse- 
quence, many  fittings  used  in  aircraft  work  and  assem- 
bled by  brazing  smaller  parts  together  are  finished  and 
installed  without  being  heat-treated  after  the  brazing 
operation.  This  practice  causes  parts  to  be  used  that 
not  only  do  not  develop  the  available  strength  of  the 
material,  but  which  are  even,  in  some  cases,  under  in- 
ternal stress  due  to  the  heating  in  the  brazing  operation. 
It  has  been  shown  by  some  recent  experiments,  made  at 
the  Naval  Aircraft  Factory,  that  this  assumption  is  en- 
tirely erroneous.  It^is  therefor€{  advapt;ggeous  to  con- 
sider this  matter  with  a  view  toward  specifying  the  use 
of  steels  and  brazing  spelters  which  will  permit  the  sub- 
sequent or  perhaps  the  simultaneous  hea^toenliBenlreO 
the  parts. 

Materials 

Considering  the  spelters  required  for  such  work,  it 
is  necessary  to  know  not  only  their  melting  but  also 
their  approximate  softening  points,  to  avoid  the  destruc- 
tion of  the  brazed  joint  during  heat-treatment.  Fig.  1 
gives  the  approximate  melting  points  and  tensile  strengths 
of  several  different  compositions  which  provide  a  wide 
range  for  selection.  These  values  are,  however,  subject 
to  slight  modification,  due  to  the  presence  of  some  1  to 
1.25  per  cent  of  impurities  in  commercial  spelters,  yet 
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FiQ.  1 — Approximate  Mhltino  Points  and  Tbnbilb  Strbngthb  of 
Various 
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TYPICAL  LIST  OF  STEELS  USED  IN  AIRCRAFT  WORK. 


End  of 

HEAT-TR£ATHENT 

Upper 

Haidness  After 

Critical 

Oil  Quench 

Steel 

Range  on 

Drawing 

Heating, 

Tempera- 

deg. fahr. 

BrineU 

Shore 
Sclero- 
scope 

ture, 
deg.  fahr. 

Mild  carbon  (O.l&to  0.35  per  cent 

carbon), 

See  Fig.  3 

150  to  225 

30  to  40 

800  to  1,300 

Medium  carbon  (0.35  to  0.55  per 

cent  carbon), 

See  Fig.  3 

225  to  325 

40  to  55 

700  to  1,200 

High  carbon  (0.55  to  0.75  per  o^nt 

carbon), 

See  Fig.  3 

325  to  380 

55  to  70 

250  to  1,000 

High  carbon  (0.75  to  1.05  per  t»iit 

carbon). 

See  Fig.  3 

380  to  420 

70  to  90 

250  to  1,000 

Nickel  (0.20  per  cent  carbon,  0.501 

to  0.80  per  cent  manganese, 
3.25  to  3.7&per  cent  nickel). 

900  to  1100 

1,390  to  1,330 

350  to  550 

50  to  80 

Nickel  (0.40  per  cent  carbon,  0.50 

eOOto  900 

to  0.80  per  cent  manganese. 

3.25  to  3.75  per  cent  nickel),  J 

Low  nickel  chromium  (0.35  to  0.45 

per  cent  carbon,  0.50  to  0.80 

per  cent  manganese,   1.00  to 

1.50  per  cent  nickel,  0.45  to  0.75 

per  cent  chromium), 

1,385 

400  to  600 

60tol00 

700  to  1,100 

Chromium-vanadium  (0.35  to  0.45 

per  cent  carbon,  0.50  to  080 

per  cent  manganese,  0.80  to 

1.10  per  cent  chromium,  over 

0.15  per  cent  vanadium). 

1,425 

400  to  600 

eotoioc 

800  to  1,400 

for  the  purpose  of  this  work  they  may  be  considered 
correct,  and  it  is  recommended  that  the  curve  of  tensile 
strength  of  cast  material  be  assumed  correct  for  the 
strength  of  the  spelter  in  a  brazed  joint. 

More  detailed  information  of  the  properties  of  spelters 
is  given  by  Hofman^  Information  about  softening  points 
is  not  so  definite.  Something  can  be  learned  from  the 
equilibrium  diagram  for  brasses  given  by  Hofman,'  and 
also  from  a  test  made  by  the  Naval  Aircraft  Factory 
which  showed  that  a  brazing  wire  of  80-20  brass  mixture 

Metallurgy  of  Copper.  Hofman. 
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After  Heat-Tbeatuent 


Hardness 


Brinell 


180  to  130130 
250  to  180  40 
325  to  250  65 
'400  to  325 


275  to  200  44  to  34 


400  to  295 


360  to  245 


Shore 
Sclero- 
scope 


to  20 

to  30 

to  40 

90  to  65 


60  to  44 


60  to  42 


Tensile  Test 


Ultimate 

Strength, 

lb.  per  sq.  in. 


90, 000  to  60,000 
no,  000  to  90,000 
160, 000  to  125,000 
250, 000  to  160,000 

140,000  to  108,000 


215, 000  to  155,000 


204, 000  to  112,000 


440  to  210  60  to  25  220, 000  to  105. 000  190, 000  to   65,00010to20 


Tield  Point, 
lb.  per 
sq.  in. 


00018 


60, 000  to   40, 

80, 000  to   60,000 

125, 000  to   90,000 

200, 000  to  125.000 

110,000  to   78,000 


190, 000  to  130,000 


168,000to  94,000 lOto  17 


Elon- 
gation 
in  2  in., 

per. 

cent 


to  26 
16  to  20 
2tol0 
2tol0 

20  to  25 


12  to  16 


appreciably  softened  at  about  60  degr.  fahr.  below  its 
melting  point. 

Considering  the  steels  likely  to  be  required  for  the 
construction  of  aircraft  parts,  by  consulting  specifications 
issued  by  the  Air  Service  and  by  the  Bureau  of  Construc- 
tion and  Repair  of  the  Navy  Department,  it  is  found  that 
a  typical  list  such  as  that  given  in  the  accompanying 
table  can  be  compiled.  This  table  is  reproduced  from 
aeronautical  specification  No.  89a  of  the  Bureau  of  Con- 
struction and  Repair,  Navy  Department,  for  the  heat- 
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treatment  of  brazed  joints  and  is  based  upon  work  done 
by  the  division  of  metallurgy  of  the  Bureau  of  Standards. 
As  is  well  knovTn,  when  steels  are  heated  or  cooled, 
irregularities  in  the  rise  or  fall  of  temperature  take 
place  at  certain  periods,  indicating  internal  changes  in 
the  material.  These  so-called  critical  points  are  actually 
short  ranges  but  are  knovni  in  steel  technology  as  the 
ACi,  Ac^  and  Ac^  points  where  they  occur  during  heating 
and  the  Ar^  Ar^  and  Ar^  points  where  they  occur  during 
cooling.  Fig.  2  is  a  typical  heating  and  cooling  curve, 
showing  the  transformations  for  a  steel  of  0.3  per  cent 
carbon  and  0.7  per  cent  manganese,  and  Fig.  3  is  the 
"equilibrium  diagram"'  for  straight  carbon  steels  and  is 
correct  for  0.05  to  0.80  per  cent  carbon,  at  temperatures 
of  700  to  950  deg.  cent.,  the  critical  points  being  clearly 
shown.  Such  diagrams  are  usually  only  approximate, 
however,  as  they  are  affected  by  the  impurities  always 
found  in  commercial  steels.  An  extended  discussion  of 
the  heat-treatment  and  metallography  of  steel  will  be 


•Notes  on  the  Critical  Ranges  of  Some  Commercial  Nickel  Steels, 
Scott.   Mining   and  Metailurpy,   February,    1920. 
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Percent  Carbon 
FiQ.  3 — Equilibrium  Diagram  for  Strajqht  Carbon  Stbbls 

found  in  Sauveur/  B  aliens"  and  other  standard  works  on 
this  subject. 

In  the  heat-treatment  of  a  steel  it  is  necessary  to 
quench  it  from  a  temperature  slightly  above  the  upper 
end  of  its  higher  critical  range,  the  actual  temperature 
depending  largely  upon  the  size  of  the  part  being  treated. 
As  a  general  rule  this  temperature  should  be  at  least 
50  deg.  fahr.  above,  and  if  information  is  not  at  hand 
concerning  quenching  temperature,  it  is  advisable  to  con- 
sult the  steel  manufacturer  for  advice  on  the  entire  heat- 
treatment,  rather  than  to  attempt  any  experiments.  The 
Midvale  Steel  &  Ordnance  Corporation  issued  a  booklet 
containing  much  information  about  its  series  of  alloy  and 
tool  steels,  which  is  of  general  value.  If  the  parts  ane 
to  be  brazed  and  heat-treated,  a  spelter  should  be  selected 
such  that  the  quenching  temperature  of  the  steel  em- 
ployed will  be  at  least  125  deg.  fahr.,  that  at  which  the 
brazing  spelter  melts,  and,  if  possible,  this  difference 
should  be  greater  to  avoid  danger  of  destroying  the 
brazed  joint  during  heat-treatment. 

Heat-Treatment 
If  the  parts  are  to  be  brazed  first  and  heat-treated  in 
a  separate  and  subsequent  operation,  the  two  operations 
can  be  handled  in  the  usual  manner,  except  that  it  may 
be  found  necessary  to  take  special  precautions  to  avoid 
warping  during  heat-treatment.  It  would  seem  advisa- 
ble, however,  to  rivet,  spot-weld  or  otherwise  fasten  the 
parts  together  before  brazing,  so  as  to  prevent  trouble 

^Metallography  and  Heat-treatment  of  Iron  and  Steel,  Sauveur. 
"Steel  and  Its  Heat-treatment,  Bullena. 
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from  slippage  of  the  joints  during  the  subsequent  heat- 
ing. This  practice  of  fastening  parts  together  before 
brazing  is  in  use  in  many  shops  at  present  and  has  been 
found  to  facilitate  rather  than  to  hold  up  production  in 
most  cases.  Boulton'  gives  a  detailed  discussion  of 
brazing. 

The  operations  of  dip  brazing  and  heat-treating  can 
be  combined  by  selecting  steels  and  brazing  spelters 
which  have  the  necessary  quenching  and  melting  temper- 
atures respectively.  In  this  method  the  brazing  spelter 
should  be  maintained  sufficiently  above  the  specified 
quenching  temperature  of  the  steel  to  insure  quenching 
at  the  proper  point.  If  possible,  a  brazing  spelter  should 
be  selected  which  has  a  melting  point  sufficiently  above 
the  specified  quenching  temperature  of  the  steel  to  per- 
mit the  practice  of  allowing  the  brazing  to  set  slightly 
before  quenching.  If,  however,  the  temperature  of  the 
brazing  pot  is  allowed  to  approach  1750  deg.  fahr.,  the 
composition  of  the  spelter  will  be  subject  to  a  gradual 
change,  due  to  the  rapid  volatilization  of  the  zinc,  with 
a  resultant  rise  in  its  melting  point.  The  parts  should 
be  allowed  to  remain  in  the  pot  sufficiently  long  to  raise 
the  temperature  of  all  of  the  material  to  that  of  the 
spetter  and  should  then  be  withdrawn  and  immediately 
quenched  in  accordance  with  the  instructions  of  the  heat- 
treatment  being  used.  The  reheating  and  drawing  opera- 
tions can  then  be  followed  in  the  usual  manner. 

As  the  combinations  of  processes  described  are  new  to 
the  workmen,  it  is  very  advisable  to  proceed  with  cau- 
tion in  attempting  to  introduce  them  into  the  shop.  Once 
the  workmen  become  familiar  with  the  methods  and  the 
proper  materials  have  been  determined  and  obtained, 
they  possess  considerable  advantage  in  permitting  the 
designer  to  make  use  of  the  important  gain  in  strength 
due  to  heat-treatment,  with  the  consequent  lightening  of 
the  larger  parts. 

Notes  on  Tubes 

It  is  well  to  mention,  however,  that  no  material  ad- 
vantage will  be  gained  by  heat-treating  many  of  the  tube 
struts  or  frames  used  in  aircraft  work,  inasmuch  as 
these  are  loaded  as  columns  when  in  service.  An  exami- 
nation of  Euler's  formula  for  crippling  loads  of  long 
columns  will  show  that  the  strength  of  such  columns  is 
determined  by  the  form  of  the  column  and  the  modulus 

•Brazinff,  Welding  and  Soldering  in  Aeroplane  ConstmctiOB. 
Boulton.  Aerial  Age,  Oct  6,  1919. 
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F*ia.    4 — Comparison  of  Eulbr's  Formula   with  Johnson's  For- 
mula   FOR    DiFFBRENT    ELASTIC    XjIMJTS 

of  elasticity  of  the  material  used,  the  strength  of  the 
material  not  entering  into  the  equation.  Many  tests  have 
shown  that  the  modulus  of  elasticity  of  steel  is  practically 
unaffected  by  heat-treatment,  in  addition  to  varying  but 
little  with  great  differences  in  the  chemical  composition. 
Thus,  for  example,  a  strut  of  heat-treated  alloy-steel 
tubing  will  cripple  at  practically  the  same  load  as  a  strut 
of  the  same  dimensions  but  of  annealed  low-carbon  steel, 
providing  (a)  that  the  slendemess  ratio  is  sufficiently 
high  to  justify  the  use  of  Euler's  formula,  and  (6)  that 
the  ends  are  designed  to  transmit  the  loads  without  local 
failure.  Fig.  4  shows  the  graph  of  Euler's  formula,  to- 
gether with  the  graphs  of  Johnson's  formula  for  various 
elastic  limits,  corresponding  to  different  steels,  and  illus- 
trates very  plainly  that  nothing  is  gained  by  the  use  of 
high-strength  steel  where  the  length  divided  by  the  least 
radius  of  gyration  exceeds  about  100. 
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MAINTAINING  AIRPLANE  ENGINE 
POWER  AT  GREAT  ALTITUDES 

By  Lieut-Col  V  E  Cu\rk/  USA 

Following  the  1917  recommendation  of  the  Boiling 
Airplane  Mission  that  great  energy  be  devoted  to  the 
development  of  means  to  maintain  a  high  proportion 
of  the  power  of  airplane  engines  at  great  altitudes, 
some  very  creditable  work  was  done.  A  recent  flight 
test  at  20y000-ft  altitude  indicates  a  resultant  marked 
increase  in  airplane  performance.  Interest  in  this  de- 
velopment should  be  extended.  The  purpose  of  the 
paper  is  to  indicate  the  possibilities  and  limitations  of 
increasing  airplane  speed  by  introducing  means  to 
maintain  high  engine  power  at  great  altitudes.  The 
DeHaviland-Four  is  selected  as  being  an  airplane  typ- 
ical of  present  practice  and  the  performances  that 
might  be  obtained  at  different  altitudes  are  approxi- 
mately computed,  with  various  assumed  ratios  of  the 
actual  engine  power  at  the  altitude  to  the  total  weight 
of  the  airplane  in  every  case. 

The  accompanying  series  of  curves  give  the  various 
coefficient  results.  The  method  by  which  the  values 
of  the  coefficients  were  obtained  is  stated  and  is  of 
assistance  in  reading  and  applying  the  charts.  All 
values  are  based  upon  results  obtained  from  full-scale 
flight  computations  and  not  solely  upon  wind-tunnel 
tests. 

The  mathematical  notation  employed  throughout  is 
specified.  The  computations  are  followed  through, 
showing  how  the  algebraic  values  of  the  coefficients  are 
determined,  the  gains  from  maintaining  engine  power 
at  great  altitudes  being  stated  in  a  somewhat  similar 
manner  and  directions  given  for  entering  the  charts 
and  obtaining  the  desired  values.  A  comparison  be- 
tween actual  and  hypothetical  airplanes  is  then  made 
by  mathematical  analytic  methods,  and  the  suggestion 
advanced  that  engineers  go  through  a  few  numerical 
examples,  following  the  methods  shown,  using  the 
accompanying  charts  and  noting  results. 

In  the  summer  of  1917,  the  Boiling  Airplane  Mission 
to  Europe  recommended  in  an  ofiicial  report  that  our 
engineers  direct  especial  energy  toward  the  develop- 
ment of  means  to  maintain  a  high  proportion  of  .this 
power  of  airplane  engines  at  great  altitudes.  Some  v,ery 
creditable  work  has  since  been  done  by  at  least  \yfo 

'Ensrineerlng  division,  Air  Service,  Dayton,  Ohio. 
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engineers  as  a  result  of  this  suggestion,  and  a  recent 
flight  test  at  an  altitude  of  20,000  ft.  indicates  a  resultant 
marked  increase  in  airplane  performance.  It  is  felt, 
however,  that  interest  in  this  development  should  extend 
to  more  of  our  engineers.  The  purpose  of  this  paper  is 
therefore  to  indicate  the  possibilities  and  limitations  of 
increasing  airplane  speed  by  introducing  means  to  main- 
tain high  engine  power  at  great  altitudes.  I  have  at- 
tacked the  problem  by  selecting  the  DeHaviland-Four  as 
being  an  airplane  typical  of  present  practice,  and  by 
endeavoring  to  compute  approximately  the  performances 
that  might  be  obtained  at  different  altitudes  with  vari- 
ous assumed  ratios  of  the  actual  engine  power  at  the 
altitude  to  the  total  weight  of  the  airplane  in  every  case. 
The  accompanying  series  of  curves  giving  the  values 
of  the  various  coeflicients  results.  Airplanes  of  greater 
aerodynamic  efficiency,  resulting  for  instance  from  the 
elimination  of  exposed  wires,  struts,  wheels  and  the  like, 
without  sacrificing  airfoil  efficiency,  would,  of  course, 
have  greater  speed  for  the  same  power-weight  ratios. 
The  method  by  which  the  values  of  the  coefficients  were 
obtained  will  be  of  assistance  in  reading  and>  applying 
the  charts.  All  values  are  based  upon  results  obtained 
from  full-scale  flight  computations  and  not  solely  upon 
wind-tunnel  tests. 

9  =  relative  density  of  air 

Ph  =  actual  horsepower  developed  by  the  engine  at  the 
altitude  assumed 

Po  =  engine  power  at  sea  level 

W  =  the  total  weight  of  the  airplane  in  pounds,  when 
leaving  the  ground 

S  =  surface  loading  or  the  total  weight  of  the  airplane 
in  pounds  divided  by  the  net  square  feet  of  area 
of  the  main  planes,  including  flaps 
« =  the  propeller  efficiency  under  the  conditions  as- 
sumed. This  usually  varies  from  0.70  to  0.80 
throughout  the  range  of  working  speeds  of  ad- 
vance and  of  revolution 

V  =  the  velocity  of  the  airplane  through  the  air  in 
statute  miles  per  hour.  Because  of  winds,  V  has 
no  relation  to  the  speed  of  the  airplane  with  re- 
spect to  the  ground.  Unless  otherwise  noted,  V 
is  the  maximunn  possible  horizontal  air  speed 

A  =  the  net  area  in  square  feet  of  the  main  planes,  in- 
cluding flaps 

T  =  the  propeller  thrust  in  pounds  per  square  inch 

C  =  in  general,  any  coefficient  whose  value  varies  with 
the  angle  of  incidence 
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Fio.    1 — Curve   op   Rklativb  Density   and   Altitudb 

The  notation  employed  throughout  the  paper  is  given 
on  page  547. 

Fig.  1  shows  an  approximate  curve  of  relative  density 
plotted  against  altitude.  When  consulting  this  curve,  it 
must  be  borne  in  mind  that  the  portion  of  the  curve  above 
30,000  ft.  is  entirely  conjectural  and  must  only  be  con- 
sidered as  very  approximate.  A  more  exact  method  of 
computation  would  be  to  deal  with  values  of  density  only, 
not  considering  altitude.  Should  means  be  developed  for 
rising  to  great  altitudes,  further  meteorological  data  as 
to  densities,  temperatures,  wind  velocities,  etc.,  during 
various  seasons  and  in  various  latitudes,  will  directly 
become  necessary. 
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fng=W  =  total  lifting  force  =  C^A V,  hence 


j-  =  5f  or,  5f  =  C«V 
V  =  C.yf-  or,C.=-^|- 


(1) 


Values  for  C,,  for  any  airplane  geometrically  similar 
to  the  DeHaviland-Four  which  is  a  tractor  biplane  with 
R.  A.  F.  15  airfoil  section,  an  aspect  ratio  of  d=  7  and  a 
gap-chord  ratio  of  zt:  1  are  given  in  the  curve  in  Fig.  2. 
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These  have  been  arbitrarily  plotted  against  the  values 
of  the  angle  of  attack  of  the  main  planes.  The  mean 
tangent  chord  is  the  reference  base. 

The  total  resistance  of  the  air  to  airplane  advance  in 
horizontal  flight,  in  pounds  per  square  inch,  equals  the 
propeller  thrust  in  pounds  per  square  inch 'if  there  is 
no  acceleration  or,  C^AV*. 


W . 


T  =  resistance  =  Ci8  -g*  V",  hence 


(2) 


C,= 


ST 


9W\^ 


The  engine  horsepower  required  to  generate  the  pro- 
peller thrust  is 


375  fife 


Pk^ — -^ — ,  hence 


(3) 


C.= 


P>5e 
9WV 
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Pia.   3 — Curves  Giving  Values  op  Ca  for  Airplanes  That  Arb 
Gbometricallt  Similar  to  thb  DeHaviland-Pour 
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Pig.    4 — Curvbs  Giyinq  Valubs  op   0%  for  Aibplanbs  That  Are 
Geometrically  Similar  to  the  DhHaviland-Pour 

Values  for  C,  for  machines  geometrically  similar  to  the 
DeHaviland-Four  are  shown  in  Fig.  3.  The  character  of 
the  curve  of  C„  for  parasite  resistance  with  slipstream, 
changes,  of  course,  with  any  variation  in  the  propeller 
pitch  or  the  air  speed.  Values  for  C„  for  the  same  type, 
are  shown  in  Fig.  4.  For  airplanes  in  which  the  propor- 
tion of  total  area  of  cross-section  of  fuselages  to  area  of 
main  planes  is  greater  than  in  the  case  of  the  DeHavi- 
land-Four,  the  proportion  of  C,  and  C,  for  parasite  re- 
sistance will  be  higher  and  vice  versa. 

Referring  to  Fig.  3,  it  is  interesting  to  note  that  the 
theoretical  limit  of  diving  speed  of  the  DeHaviland-Four 
is,  with  an  angle  of  incidence  of  —  1.0  deg. 


i 


0.000109  « 


Or,  if  the  wing  loading  equals  9  lb.  per  sq.  ft.,  the 
diving  speed  equals  287.2  m.p.h.  at  sea  level.  This  is  not 
exact.  For  a  vertical  dive,  the  angle  of  incidence  is  that 
giving  zero  lift  and  the  drag  coefficient  is  higher  than 
the  minimum.  On  the  other  hand,  if  the  drag  coefficient 
is  the  minimum,  there  is  some  lift,  the  drag  is  less  than 
the  weight  and  the  dive  is  not  quite  vertical. 
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The    gliding    angle,    referred    to    horizon,    with    no 
power,  is 

tan-^   f  -ii^n  I  hence 


9 


(4) 

At  an  8-deg.  angle  of  incidence,  at  sea  level,  the  wing 
loading  equals  7.5  lb.  per  sq.  ft.,  minus  V  (see  Fig.  2), 
equals  60.9  m.p.h.  The  gliding  angle  (see  Fig.  3)  equals 
l-r-8.6  or  6  deg.  39  min. 

From  equation  (3)  we  derive 

Ph      C^Vf  or  V=yCzWSf  l>^t  (6) 

as  equation  (4).  gives  a  value  for  V,  we  obtain 

W    __      €VT  •        U 

If  we  make  C^^C^'  C*  we  have 

or,  (7) 


Values  for  C^  for  airplanes  geometrically  similar  to  the 
DeHaviland-Four  are  shown  on  the  curves  in  Fig.  5.  The 
values  of  C«  in  these  curves  are  not  exact.  For  conven- 
ience in  rapid,  rough  calculations,  these  have  been  cor- 
rected to  care  for  the  discrepancy  in  the  value  of  W. 
When  using  Fig.  5  with  equation  (7),  the  value  of 
W  is  the  weight  when  leaving  the  ground  and  not  the 
actual  weight  during  flight  tests.  The  consumption  of 
fuel  will,  therefore,  reduce  W. 

Gains  from  Maintaining  Powik  at  Great  Altitudes 

If  an  engine  of  the  water-cooled  type  is  used,  with 
average  modem-practice  compression  ratios  and  volu- 
metric efficiency  and  having  proper  altitude  carbureter 
control  but  no  other  device  or  means  to  maintain  power 
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Fig.   6 — Curves   Gitino  Valuss  of   Ca'  for  Airflanbs  That  Ark 
Similar  Obombtricali,t  to  the  DbHaviland-Four 


at  great  altitudes,  we  can  assume,  to  obtain  rough  results, 
that 


1 


Pu  =  PoW 


(3) 


No  account  has  been  taken  in  equation  (8)  of  the 
variation  with  altitude  of  the  percentage  distribution  of 
the  various  gases  in  the  atmosphere.  In  fact,  about  20.8 
per  cent  of  the  volume  of  the  air  at  sea  level  is  oxygen 
in  the  middle  latitudes.  This  increases  to  21.1  per  cent 
at  30,000  ft.  and  decreases  to- 18.6  per  cent  at  60,000  ft. 

Substituting  in  equation  (7)  the  value  of  P%  as  ob- 
tained from  equat.on  (8),  we  obtain 


\PoW  «         e  / 


Representing  the  fractional  exponent  of  S  by  the  sym- 
bol A,  we  have 


^  Po'^ 

Working  the  other  way 


(9) 
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PoV5(l+2A) 
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Fig.  6  gives  a  curve  of  5  plotted  against  8  <i+2A)^  so 
that  the  value  of  either  is  directly  obtainable  from  the 
other.  It  also  gives  a  curve  of  8^,  for  use  with  equa- 
tion (8). 

From  equations  (7)  or  (9)  and  equation  (4),  the  ap- 
proximate high  speed  can  be  obtained  at  any  altitude 
desired,  having  given  the  values  for  power,  weight  and 
surface  area,  the  method  being  as  follows: 

First  enter  Fig.  1  and  obtain  the  value  of  i  for  the 
altitude  desired.  The  only  unknown  quantity  in  equa- 
tions (7)  and  (9)  is  then  C«.  After  obtaining  the  value 
of  Ct,  enter  Fig.  5  and  obtain  the  value  for  the  angle  of 
incidence.  Then,  from  Fig.  2,  for  this  angle  of  inci- 
dence, obtain  the  value  of  Ci.  The  high  speed  is  then 
obtained  by  using  equation  (4). 

With  an  airplane  of  a  different  geometrical  and  aero- 
dynamical type  from  that  of  the  DeHaviland-Four,  hav- 
ing given  Ph  or  Po,  S  and  the  horizontal  high  speed  <U 
any  known  altitude,  we  can  roughly  predict  its  high  speed 
at  all  altitudes,  its  ceiling,  etc.  The  method  is  to  sub- 
stitute the  known  quantities  V,  S  and  5,  in  equation  (4), 
the  value  of  8  being  known  from  Fig.  1,  and  so  obtain 
the  value  for  C^.  Then,  from  Fig.  2,  obtain  the  value  of 
the  angle  of  incidence.  From  Fig.  5  get  the  value  of  C^ 
for  this  angle  of  incidence  and  substitute  this  in  equa- 
tion (7),  obtaining  a  new  hypothetical  value  for  W,  with 
which  we  then  proceed,  using  C^  and  C^  in  equations  (4) , 
(7)  and  (9). 

The  stalling  speed  for  any  surface  loading  value  and 
at  any  altitude  can  be  obtained  from  the  equation 


Values  of  C^»,  for  various  arrangements  of  planes  with 
airfoils  of  sections  R.  A.  F.  No.  15,  United  States  Army 
thick  section  No.  4  and  United  States  Army  No.  16,  ex- 
treme cases,  are  shown  in  the  table  on  page  557.  It  is 
assumed  that  the  gap-chord  ratio  is  between  0.95  and 
1.10,  and  that  in  no  case  has  any  plane  an  opening  in  its 
center. 
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Fjo.    6 — Curves   Giving    Values    op  the   Factors    Used   in   the 
cai.cuijition8 

Comparison  of  Actual  and  Hypothetical  Airplanes 

Let  us  compare  the  speed  of  a  present-day  airplane 
with  that  of  an  hypothetical  airplane  in  which  is  installed 
a  means  of  maintaining  its  power  constant  at  all  working 
altitudes.  Looking  toward  the  future,  it  will  be  inter- 
esting to  assume  that  the  total  airplane  weight  is  the 
same  in  each  case,  5000  lb.  If  the  engine  develops  600 
hp.  at  sea  level  and  the  net  area  of  the  main  planes  is 
556  sq.  ft.  in  each  case,  then  S=9. 
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In  each  case  let  us  arbitrarily  assume  that  under  full 
throttle,  the  altitude  and  speed  for  horizontal  flight  are 
such  that  the  angle  of  incidence  required  for  sustentation 
is  2  deg. 

The  development  of  the  variable-pitch  propeller  which, 
most  fortunately,  is  contemporary  with  that  of  the  super- 
charger, is  leading  in  the  desired  direction,  however.  The 
supercharger  would,  relatively,  be  of  little  value  without 
the  variable-pitch  propeller  which,  set  at  a  very  low  pitch, 
permits  climbing  away  from  the  ground,  and,  set  at  a 
very  high  pitch,  should  show' good  efficiency  at  very  high 
airplane  speeds,  in  air  of  very  low  density. 

Case  I.  The  engine  power  decreases  with  an  increase 
in  the  altitude  at  normal  present-day  rate,  with  no  novel 
means  of  maintaining  it. 

The  following  values  are  taken,  or  are  already  given: 

S  =  9  Angle  of  incidence  =  2  deg. 

W  =  5000  lb.  C4,  from  Fig.  5  =  0.00021 

Po  =  500  hp. 

e  =  80  per  cent 

5  (1+2A) _^ 0.00021  X9X  (6000)'  _ 

""       (600)"  X  (0.80)'        -0.296 

From  Fig.  6  we  obtain  a  value  of  0.714  for  S  (i+2A)  . 
From  Fig.  1,  the  altitude  corresponding  to  this  is  10,900 
ft.  Substituting  in  equation  (4)  the  value  of  C^  for 
2  deg.  obtained  from  Fig.  2,  which  is  32.8,,  we  obtain 


=  32.84/-^ 
10.714 


116.5  m.p.h. 


'  Case  IL  Means  are  installed  for  maintaining  the  en- 
gine power  constant  with  changes  of  altitude. 

We  will  in  this  case  assume  a  constant  propeller  effi- 
ciency of  0.80.  From  a  practical  standpoint,  the  main- 
tenance of  such  an  efiiciency,  constant  at  various  speeds 
and  in  different  densities,  is  today  impossible. 

We  now  assume  that  the  total  airplane  weight  in 
pounds  divided  by  the  horsepower  developed  by  the  en- 
gine at  the  altitude  for  a  2-deg.  angle  of  incidence  =  10. 
This  is  a  very  liberal  assumption,  and  surely  looks  well 
into  the  future. 

From  equation   (7) 
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TALUES   OF   Ci«   FOB  VARIOUS   ARRANGEMENTS   OF   PLANES   AND 
DIFFERENT  AIRFOIL  SECTIONS 


Number  of 
PlaneB 

Airfoil 
Section 

Aspect 
Ratio 

Value  of 

Monoplane 

R.A.F.  15 
U.S.A.-T.S.  4 
U.S.A.  16 

/5 
\7 

\7 

\7 

17.8 
1.7.3 
14.4 
14.0 

18.8 
18.3 

Biplane 

R.A.F.  15 
U.S.A.-T.S.  4 
U^.A.  16 

[5 
7 
9 
5 
7 
9 
5 
7 
9 

18.6 
18.3 
18.1 
15.3 
15.0 
14.8 
19.6 
19.3 
19.0 

Triplane 

E.A.F.  15 
U.S.A.-T.S.  4 
U.S.A.  16 

/7 

/7 

•     W 

/7 

\9 

18.5 
18.2 
15.3 
15.0 
19.4 
19.1 

(5000      \' 
600X078;  =^-29« 

This  is  an  altitude  of  35,400  ft.    Referring  to  Fig.  1 
for  a  value  of  C,,  we  have 


-82.8^^296- 


181  m.p.h. 


Case  III,  Suppose  we  fly  at  the  same  altitude  in  Case  II 
as  in  Case  I.    Then,  from  equation  (7), 


-=m 


9      V    6000     / 
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Reference  to  Fig.  5  will  give  a  value  of  +0.22  deg. 
From  Fig.  2,  C7,=40.2,  and 


'  =  Wolfe  = 


143  m.p.li. 


Following  this  method  of  computation  and  using  equa- 
tions (7)  and  (4)  and  Figs.  1,  2  and  5,  we  obtain  the 
curves  in  Fig.  7,  which  presents  a  comparison  between 
high  speeds  in  the  two  previous  cases  at  all  altitudes. 

Now  let  us  obtain  the  approximate  theoretical  absolute 
ceiling  of  the  machine  of  the  second  case,  maintaining 
our  assumption  of  constant  power  at  all  altitudes. 

At  absolute  ceiling,  the  angle  of  incidence  of  this  type 
of  airplane  is  about  10  deg.  This  is  the  point  of  best  lift- 
drag  ratio.  From  Fig.  5,  C,= 0.0000385,  and  from  equa- 
tion (7), 


«  =  C*s(^)  :^  0.541 


Assuming  that  the  density-altitude  curve  in  Fig.  1  is 
approximately  correct,  the  altitude  is  66,000  ft.  and 


^=^"^Vot=^^*'"-p-^- 


No  suggestion  will  here  be  made  as  to  the  basic  prin- 
ciple of  the  device  or  means  for  maintaining  power  with 
low  density.  Among  the  solutions  suggested  are  a  super- 
charging device  at  each  cylinder  to  increase  the  com- 
pression and  introduce  more  oxygen,  a  rotary  air  com- 
pressor driven  by  an  exhaust  gas  turbine,  or  through 
gearing  by  a  shaft,  special  fuels  and  the  combination  of 
the  special  fuel  with  a  higher  compression,  etc.  Design- 
ers must  consider  the  extreme  low  temperatures  encoun- 
tered.   Note  the  curve  in  Fig.  1. 

Incidentally,  the  air  compressor  for  the  engine  intake 
might  also  be  used  to  maintain  good  pressure  and  intro- 
duce extra  oxygen  in  a  necessarily  sealed  compartment 
occupied  by  the  personnel. 

If  engineers  should  go  through  a  few  numerical  ex- 
amples, following  the  method  shown  above,  using  the 
accompanying  curves  and  noting  results,  they  might  be- 
come interested  in  development  along  this  line. 

In  the  general  latitude  of  New  York,  Chicago  and  San 
Francisco,  suppose  that  we  could  in  certain  seasons  of 
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the  year,  by  rising  to  an  altitude  of  about  40,000  ft., 
encounter  a  wind  current  having  a  velocity  of  100  m.p.h., 
whose  direction  is  such  as  to  be  "under  the  tail."  If  we 
could  maintain  a  speed  through  the  air  of  200  m.p.h.  at 
this  altitude  our  speed  over  the  ground  would  be  300 
m.p.h.  We  could  then,  in  flying  time,  go  from  Chicago  to 
New  York  in  3  hr.  and  from  San  Francisco  to  New  York 
in  9  hr. 

Speed  of  travel  or  transportation  makes  for  saving 
in  time  which,  from  the  practical  commercial  standpoint, 
is  tantamount  to  the  elimination  of  space.  Bringing  San 
Francisco  as  near  to  New  York  as  Pittsburgh  now  is 
by  train,  if  it  can  be  done,  is  a  matter  of  tremendous 
importance.  We  should,  therefore,  look  well  into  all 
means  offering  even  the  appearance  of  possible  feasibil- 
ity which  may  be  suggested  for  helping  toward  this 
eventual  accomplishment 
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LANDING  RUN  AND  GET-AWAY  FOR 
STANDARD  AIRPLANES 

By  Alexander  Klemin^ 


The  len^^th  of  the  landing  run  constitutes  one  of  the 
greatest  practical  airplane  problems,  particularly  when 
using  the  fields  now  available.  A  fast,  hea>dly-loaded 
machine  has  excellencies  of  its  own  but  is  not  likely 
to  be  capable  of  a  short  run;  a  powerfully-acting  tail- 
skid,  while  giving  full  braking  effect,  is  likely  to  dam- 
age a  field  and  at  the  same  time  impose  undue  stresses 
upon  the  fuselage.  In  the  case  of  forced  landings,  it 
is  particularly  important  to  have  as  short  a  landing 
run  as  possible.  The  mechanics  of  the  airplane  in  the 
air  have  been  exhaustively  studied,  but  no  mathemat- 
ical considerations  or  conclusions  are  available  con- 
cerning landing  runs. 

In  a  three-point  landing,  with  the  engine  shut  off, 
in  which  the  pilot  flattens  out  after  a  dive,  places  his 
machine  in  a  stalling  attitude  and  gradually  loses 
speed  until  the  wheels  and  skid  touch  the  ground  simul- 
taneously, the  machine  then  slows  down  under  the 
combined  action  of  the  aerodynamic  and  tractive  resis- 
tances. During  taxiing,  with  the  machine  retaining 
the  same  attitude,  the  aerodynamic  resistance  is  pro- 
portional to  the  square  of  the  speed.  The  tractive  re- 
sistance is  proportional  to  the  reaction  of  the  ground, 
this  being  proportional  to  the  weight  of  the  plane 
minus  the  remaining  lift  due  to  the  wings. 

The  equation  of  motion  is  stated  and  elaborated 
mathematically,  theoretical  values  for  length  of  land- 
ing runs  being  compared  with  actual  performance  of 
standard  airplanes  in  tests  conducted  at  Roosevelt 
Field  by  the  Air  Mail  Service  and  experiments  made 
by  the  British  Royal  Aircraft  Factory.  Propellers  and 
their  effect  on  shortening  landing  runs  are  discussed 
mathematically  and  commented  upon,  with  illustra- 
tions, and  the  devices  for  shortening  landing  runs  are 
similarly  considered. 

The  length  of  get-away  is  analyzed  mathematically 
and  the  performance  computations  for  a  Curtiss  HA 
machine  are  given  in  tabular  form. 

Association  with  the  air  mail-service  leads  me  to  the 
conclusion  that  the  length  of  the  landing  run  constitutes 
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one  of  the  greatest  practical  airplane  problems,  particu- 
larly when  using  the  fields  now  available.  A  fast, 
heavily-loaded  machine  has  excellencies  of  its  own  but 
is  not  likely  to  be  capable  of  a  short  run;  a  powerfully- 
acting  tail-skid,  while  giving  full  braking  effect,  is 
likely  to  damage  a  field  and  at  the  same  time  impose 
undue  stresses  upon  the  fuselage.  In  the  case  of  forced 
landings,  it  is  particularly  important  to  have  as  short 
a  landing  run  as  possible.  The  mechanics  of  the  airplane 
in  the  air  have  been  exhaustively  studied,  but  no  mathe- 
matical considerations  or  conclusions  are  available  con- 
cerning landing  runs. 

Considering  the  case  of  a  three-point  landing,  with 
the  engine  shut  off,  in  which  the  pilot  flattens  out  after 
a  dive,  places  his  machine  in  a  stalling  attitude  and 
gradually  loses  speed,  until  the  wheels  and  the  skid  touch 
the  ground  simultaneously,  the  machine  then  slows 
down  under  the  combined  action  of  the  aerodynamic  and 
tractive  resistances.  During  taxiing  with  the  machine 
retaining  the  same  attitude,  the  aerodynamic  resistance 
is  proportional  to  the  square  of  the  speed.  The  tractive 
resistance  is  proportional  to  the  reaction  of  the  ground, 
this  being  proportional  to  the  weight  of  the  plane  minus 
the  remaining  lift  due  to  the  wings. 

The  equation  of  motion  then  becomes 

^Sw  =  —  CiV*  —  c«  (TF  —  cv*) ,  where 

a;=the  distance,  measured  from  the  landing  point 

W=the  weight  of  the  airplane  in  pounds 

p= acceleration  due  to  gravity 

ii= differential 

t=the  time  in  seconds 

r=the  velocity  at  any  point 

c,=a  constant  defining  the  aerodynamic  resistance 

c,=a  constant  defining  the  aerodynamic  lift 

c,=the  tractive  coefficient. 

Let  £i£i=i!^  =  z„  and  gc,  =  K, 
The  equation  can  then  be  written  more  simply  as 
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-j7%--<--^'^y-- 


2Ka: 
When  X  =  0,  v  =  V^,  where  V^  is  the  initial  speed  and 

A  =  foy(yo'+|;). 

The  length  of  the  landing  run  Xi  is  therefore  given  by 
the  expression 


x.= 


4-  C-f )l 


Replacing  the.  original  constants  by  substitution 
Since  c,  V%=W,  this  expression  can  be  simplified  to 

__£JV__f,        C^Vo'X 


Writing    ~  =  =r  =  .^  .^,     at  taxiing  attitude,  the  ex- 
ci       Z>       drift 


pression  becomes 


__         {L/D)Vo* 


T^^^'ItltW} 
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This  expression  clearly  srives  an  idea  as  to  what  ex- 
tent well-known  factors  enter  in  determining  the  length 
of  run,  and  shows  that  this  length  will  be  longest  if  L/D 
and  F/  are  large  while  c,  is  small.  It  also  provides  us 
with  a  formula  from  which,  knowing  the  tractive  resist- 
ance and  the  aerodynamic  properties  of  the  machine,  the 
length  of  landing  run  can  be  determined  at  once.  At 
present  there  appear  to  be  few  experimental  data  avail- 
able for  the  verification  of  the  above  formula  under  con- 
ditions of  service. 

On  May  23,  1919,  a  comparative  test  was  conducted 
by  the  Air  Mail  Service  on  the  Curtiss  R-4-L  and  the 
Curtiss  HA  mail  machines  at  Roosevelt  Field,  which 
has  well-sodded  ground  and  was  in  good,  dry  condition 
at  the  time  of  the  test. 

Data  on  the  two  machines  are  given  in  the  accom- 
panying table. 


Machine 

HA 

R-4-L 

Test  load,  lb. 

4,018 

4,200 

Eogine 

Curtiss  K-12 

Liberty-12 

Rated  power,  hp. 

400 

400 

Wing  area,  sq.  ft. 

490.0 

504.9 

Wing  section 

Angle  of  incidence  of  wings 

Sloane 

R.A.F.  6 

to  propeller  thrust,  deg. 

0 

2.5 

Landing  angle,  deg. 

16 

14 

Ky  at  landmg  angle 

0,00246 

0.00305 

Landing  speed,  m.p.h. 

56.5 

52.0 

Wing  resistance,  lb. 

1,140 

452 

Parasite  resistance,  lb. 

126 

136 

Total  resistance,  lb. 

1,265 

588 

hjD  at  landing  angle 

3.15 

7.15 

Tractive  resistance,  lb. 

440 

500 

Traction  coefficient 

0.104 

0.119 

Applying  the  formula  previously  fipiven  for  the  length 
of  landing  run  gave  values  of  560  and  760  ft  respectively 
for  the  two  machines.  The  actual  test  results  were  539 
and  711  ft.  respectively.  These  results,  even  though  based 
only  upon  two  tests,  are  encouraging.  It  would  seem 
that,  with  reasonable  accuracy  in  the  assumptions,  con- 
cordance can  be  expected  between  the  actual  length  of 
the  run  and  the  computed  results  such  as  are  indicated. 

It  is  interesting  to  review  these  results.  A  hasty  con- 
sideration of  the  two  machines  might  have  led  to  the 
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cuuciusion  inai;  me  rv-4-ij  macnine,  wiin  ii;s  tower  lana- 
ing  speed,  higher  tractive  resistance  and  uglier  design, 
would  have  had  a  much  shorter  landing  run  than  that  of 
the  HA  machine,  whereas  the  latter  actually  had 
a  shorter  run.  This  can  be  explained  only  by  the  fact 
that  the  HA  machine  can  be  set  down  at  a  larger  angle, 
and  the  wings  thus  furnish  an  enormous  resistance.  It 
is  the  importance  of  a  large  angle  of  incidence  for  the 
wings  which  is  emphasized. 

It  is  interesting  in  this  resi>ect  to  quote  from  some 
experiments  made  by  the  British  Royal  Aircraft  Fac- 
tory. Tests  were  conducted  on  the  B.E.  2c  and  R.E.  7, 
two  well-known  British  machines,  for  the  purpose  of 
finding  the  distance  run  after  landing  and  the  total  space 
required  after  clearing  a  6-ft.  hedge. 

The  measurements  were  made  by  stretching  a  tape 
6  ft.  above  the  ground,  as  at  &  in  Fig.  1.  The  pilot 
maneuvered  the  machine  so  as  to  clear  this,  and  its 
height  above  the  tape,  h,  was  observed  from  the  ground. 
An  observer  in  the  machine  read  the  air  speed,  V„  and 
then  read  F,  when  the  wheels  touched  the  ground.  The 
distances  ac  and  ed  were  then  measured,  d  being  the 
point  directly  below  the  propeller  boss  where  the  machine 
stopped.  The  calmest  days  were  chosen  for  the  experi- 
ments. The  landings  were  made  against  the  wind  and 
the  wind  velocity  was  recorded. 

Experiments  on  the  B.E.  2c  were  repeated  with  an  ar- 
rangement such  that  with  the  tail  en  the  ground  the 
angle  of  incidence  was  increased.  The  alteration  made 
was  to  shorten  the  top  longitudinals  of  the  rear  part  of 
the  body  and  thus  raise  the  skid.  The  increase  in  the 
angle  of  incidence  was  3  deg.  and  the  total  space  re- 
quired for  landing  was  20  per  cent  less  than  with  the 
standard  arrangement,  the  distance  run  after  touching 
the  ground  being  reduced  by  about  35  per  cent. 
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«  C 

Fig.  1 — ^DiAQRAM  Showing  Distancb  Run  aftsr  Landing  and  thb 
Total  Space  Required  To  Claab  a  6 -Ft.  Hbdgb 

ures  are  merely  interesting  as  giving  a  general  idea  of 
the  length  of  landing  run  for  a  smaller  and  slower  ma- 
chine. 

The  Propeller  on  a  Landing  Run 

Some  difference  of  opinion  exists  as  to  the  proper 
method  of  handling  *the  engine  to  insure  a  short  run. 
If  the  speed  of  the  engine  is  maintained  above  a  given 
number  of  revolutions  per  minute,  the  propeller  will  con- 
tinue to  develop  a  positive  thrust.  If  the  engine  can  be 
throttled  to  a  lower  speed,  the  propeller  may  develop  a 
negative  thrust.  If  the  engine  is  completely  dead,  and 
at  rest,  the  propeller  will  offer  resistance  because  of  its 
resistance-producing  area.  When  the  engine  is  dead  but 
the  propeller  is  still  revolving,  the  braking  effect  of  the 
propeller  acting  as  a  windmill  or  air  turbine  may  be  im- 
portant, but  only  when  the  forward  speed  is  very  great, 
as  on  a  dive. 

Let  us  consider  whether  any  appreciable  braking  ef- 
fect can  be  secured  by  running  the  engine  on  the  ground 
at  a  very  low  speed,  instead  of  completely  stopping  it. 
As  an  example  take  propeller  No.  5  of  Dr.  W.  F.  Durand's 
report  No.  14  for  the  National  Advisory  Committee  for 
Aeronautics.  Assume  it  to  have  a  diameter  of  9^^  ft. 
and  that  it  is  used  with  a  Liberty  engine  having  a  max- 
imum speed  of  1700  r.p.m.  in  level  flight  near  the  ground. 
The  Y/nD  ratio  at  a  speed  of  110  m.p.h.,  which  closely 
approximates  the  case  of  the  Curtiss  R-4-L  machine,  is 

'      =0.62.    In  this  ratio  7  is  the  airplane  speed 

in  miles  per  hour,  n  the  engine  speed  in  revolutions  per 
minute  and  D  the  propeller  diameter  in  feet.  The  thrust 
coefficient  from  Plate  VI  in  Dr.  Durand's  report  is  0.56 
and  the  thrust  is  given  by  the  formula 

r  =  -^g5—,  where 
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A  =  0.0761,  the  density  of  the  air. 
Applying  the  formula 

r  ^  0.65  X  (9.5)' xa60)'X  0.0761  ^ggg  lb. 

The  torque  coefficient  is  0.78  so  that  the  torque  is 

^  "^     1000 

_  0.78  X  (9.5)'  X  (160)'  X  0.0761 
""  1000 

=  1270  Ib.-lt 

The  power  under  the  above  conditions  is  410  hp.,  which 
the  Liberty  engine  can  just  develop.  The  efficiency  is 
69  per  cent,  showing  that  the  propeller  would  be  fairly 
suitable  for  the  R-4-L  Curtiss  machine. 

Jn  the  National  Advisory  Committee's  Report  No.  30, 
results  are  given  for  the  same  propeller  at  negative 
thrust  for  very  high  values  of  V/nD.  Suppose  we  con- 
sider 52  m.p.h.  the  landing  speed  of  the  R-4-L  machine. 
The  negative  thrust  as  given  by  the  formula  is 

(Brake-effect  coefficient)  A  D*V* 
100 

and  its  maximum  value  occurs  at  a  value  of  V/nD  of  ap- 
proximately 1.8  when  the  brake-effect  coefficient  has  a 
maximum  value  of  0.46.  The  engine  speed  for  this 
value  of  V/nD  must  be  270  r.p.m.  and  the  thrust  will  be 

0.46  X  (9.5)' X  (76)' X  0.0761       ,^„  „ 

ioo  =  ^^^  **'• 

No  power  curves  are  given  for  the  test  and  the  objec- 
tion might  be  made  that  to  produce  this  negative  thrust, 
the  Liberty  engine  would  have  to  develop  more  power 
than  it  can  deliver  at  270  r.p.m.  The  negative  thrust  as 
thus  developed  is  only  equivalent  to  24  hp.,  however,  and 
if  the  V/nD  ratio  were  decreased  to  1.2  by  increasing  the 
engine  speed  to  405  r.p.m.,  the  negative  thrust  would 
still  be  127  lb. 

The  Durand  propeller  No.  5  was  selected  quite  at  rar.- 
dom,  and  yet  the  maximum  possible  thrust  is  found  to  be 
182  lb.  for  the  landing  speed  of  the  R-4-L  machine.  Since 
this  is  about  40  lb.  more  than  the  skid  drag  of  the  same 
machine,  it  is  by  no  means  negligible  but  this  propeller 
is  not  a  very  good  illustration  of  what  it  is  possible  to  do 
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with  a  propeller  in  the  region  of  negative  thrust.  lA  the 
curves  of  Fig.  2,  taken  from  Plate  XXX  of  Report  No.  30, 
it  is  seen  that  the  hrake-eifect  coefficient  at  its  maximum 
is  not  so  very  much  greater  than  the  approximately 
asymptotic  value  of  the  coefficient,  at  very  high  values  of 
Y/nD  when  the  number  of  revolutions  per  minute  be- 
come very  small.  With  such  a  propeller,  the  maximum 
brake-effect  coefficient  would  therefore  not  be  so  very 
much  greater  than  if  the  propeller  were  not  revolving, 
and  thus  opposing  forward  motion  simply  by  virtue  of 
its  resistance  area. 
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Fia.   2 — Brakb-Effbct  Cokfpiciisnt  Curves 


But  the  brake-effect  coefficient  of  propeller  No.  10,  as 
indicated  in  the  same  series  of  curves,  is  more  than  twice 
as  great  as  that  of  propeller  No.  5,  and  at  an  airplane 
speed  of  52  m.p.h.,  a  V/nD  ratio  of  1.2  and  engine  speed 
of  410  r.p.m.,  would,  with  the  same  propeller  diameter  of 
9%  ft.,  give  a  negative  thrust  of  400  lb.,  which  would 
check  the  landing  run  very  rapidly.  Moreover,  propeller 
No.  10  has  a  maximum  brake-effect  coefficient  much 
greater  than  the  values  shown  on  the  curves  for  very 
large  values  of  V/nD  and  approaching  the  condition  of  a 
non-revolving  propeller. 

The  investigation  of  Report  No.  30  indicates  that  for 
a  given  size  of  propeller,  wide  blades  have  a  larger  brake 
effect  than  narrow  blades,  and  that  the  brake  effect  of 
the  higher-pitch  propeller  is  less  than  that  of  the  lower- 
pitch  propeller.  The  latter  result  is  quite  reasonable  as 
can  be  seen  from  the  diagrammatic  representation  in 
Fig.  3,  since  with  a  low-pitch  propeller  the  tendency  will 
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be  for  the  air  to  strike  the  propeller  blade  element  at  a 
larger  negative  angle  to  the  chord. 

An  objection  might  be  made  that  as  the  landing  run 
proceeded  and  V  decreased,  the  V/nD  ratio  v^ould  de- 
crease so  that  the  pilot  VfO\x\^  run  the  propeller  into  a 
region  of  low  brake-effect  coefficient,  or  even  of  positive 
thrust,  and  it  is  quite  possible  that  pilots  may  at  first 
find  considerable  difficulty  in  getting  the  best  braking 
effect.  But  with  a  broad-blade,  low-pitch  propeller,  it 
seems  clearly  evident  that  pilots  would  find  an  advantage 
in  experimenting  on  their  landing  run  until  they  found 
the  best  possible  combination.  The  shortening  of  the 
landing  run  resulting  therefrom  might  make  all  the 
difference  between  a  poor  and  a  good  commercial  ma- 
chine. 

Devices  for  Shortening  Landing  Runs 

The  most  obvious  device  for  shortening  a  landing  run 
is  the  use  of  an  airbrake  consisting  of  flat  plates  hinged 
at  the  sides  of  the  fuselage.    To  avoid  the  effort  which  is 
required  to  operate  such  brakes,  it  is  advisable  to  have 
the  plates  arranged  so  that  the  relative  wind  will  force 
the  side  plates  to  open  while  the  opening  of  the  under  flap 
is  retarded  by  the  wind.    A  fairly  simple  arrangement 
for  the  control  of  such  an  airbrake  is_shown  in  Fig.  4. 
This  type  of  brake  has  been  used  c     -  --■  - 
but  objections  can  be  raised  to  its 
grounds  of  complication  and  also  tli 
the  brakes  diminishes  rapidly  as  the 

In  a  British  test,  the  model  body  R! 
had  a  length  of  25y2  in.  or  one-twe 
and  a  brake  area  of  approximately 
40-ft.  per  sec.  wind,  the  increase  in  d 
opening  of  the  brakes  was  0.0804  lb., 
coefficient  of  0.003  per  sq.  ft.  per  m 
that  airbrakes  will  offer  practically 
as  flat  plates  freely  exposed. 

The  full-size  area  of  the  brakes  f 
sq.  ft.  Imagine  brakes  of  10-sq.  ft. 
Curtiss  R-4-L  machine,  whose  landir 
viously  discussed  and  which  is  a  larg 
RE-1.  The  resistance  at  52  m.p.h. 
the  L/D  ratio  becomes  6.3.  The  cal 
comes  680  ft.  instead  of  the  750  ft.  i 
It  is  quite  clear  from  this  that  the  e 
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3 — Diagrams  To  Illubtratr  the  Grbatbr  Effectiveness   of 
Low -Pitch  Propellers  as  a  Brake 


small,  and  hardly  worth  inclusion.  On  a  very  small  ma- 
chine it  is  possible  that  brakes  of  a  large  size  relative 
to  the  wing  area  might  be  included  with  more  satisfac- 
tory results. 

While  airbrakes  may  be  set  aside  as  entirely  unprom- 
ising, the  use  of  wing  flaps  extending  over  almost  the 
entire  trailing  edge  is  worthy  of  the  most  serious  con- 
sideration.   This  device  has  been  used  successfully  in  a 
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FiQ.  4 — An  Airbrake  Control  Arrangement 
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Sopwith  110  Clerget  single-seat  seaplane  and  in  a  sea- 
plane built  by  the  Fairey  Aviation  Co.  A  diagrammatic 
scheme  for  a  proposed  employment  of  wing  flaps  without 
disturbing  the  functions  of  the  ailerons  is  shown  in 
Fig.  6. 

In  some  British  experiments  carried  out  on  an  R.A.F.9 
wing  section  with  the  hinged  rear  portion  occurring  at 
0.385  of  the  chord,  the  maximum  lift  obtainable  was  in- 
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Fia.  5 — Model  op  an  RE-1  Body 

creased  in  the  ratio  of  1.35  to  1,  the  flap  being  set  at 
60  deg.  to  the  wing.  This  maximum  lift  occurs  when  the 
angle  of  incidence  of  the  wing  proper  is  in  the  neighbor- 
hood of  4  to  6  deg.  Such  an  increase  in  the  maximum 
lift  would  decrease  the  landing  speed  in  the  ratio  of 
1  to  0.865.  If  the  flap  were  used  intelligently  by  the  pilot, 
it  could  be  used  effectively  as  a  brake,  after  the  machine 
had  settled  at  a  speed  and  attitude  corresponding  to  the 
maximum  lift,  by  being  set  at  a  maximum  pitch  of  90 
deg.  to  the  wing,  with  the  wing  itself  at  an  attitude  cor- 
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Pio.   6 — Proposed  Arrangement  To  Employ  Wing  Flaps 

responding  to  a  three-point  landing.  Even  when  the  flap 
was  only  set  at  a  45-deg.  positive  angle  to  the  wing,  the 
drift  of  the  R.A.F.9  at  14  deg.  was  increased  in  the  ratio 
of  5.45  to  1. 

If  the  mechanism  were  applied  to  the  Gurtiss  R-4-L 
machine  and  used  as  already  explained,  with  flap  set  at 
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f^a.  7— Ststem  of  Forces  on  a  Glim  with  Negative  PBOPmiLBR 
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a  positive  60-deg.  angle  for  landing  and  a  positive  90-deg. 
angle  for  braking,  the  landing  speed  would  become  45 
m.p.h.  and  the  landing  run  would  be  reduced  to  about  200 
ft.,  as  compared  with  the  750  ft.  previously  computed.  A 
definite  conclusion  would  be  that  wing  flaps  extending 
along  the  rear  edge  would  be  of  very  appreciable  help. 

It  is  very  often  assumed  that  a  variable-pitch  pro- 
peller will  decrease  the  landing  speed  by  imposing  a 
large  negative  thrust  on  the  airplane  in  the  dive.  A 
short  consideration  of  the  problem  will  indicate  that 
this  conception  is  erroneous.  Consider  Fig.  7,  where  t 
represents  the  negative  propeller  thrust.  The  equations 
of  equilibrium  are 

l  =  w  cos  0  =  KyAV* 
w  sin  e  =  (K^  +  Kp)  AV*  +  t 

tan    e  =  ^^li-^J- i .where 

I  =lift 
w  =weight 
9  =  angle  of  flight 
Ky  =  lift  coefficient 
Kx  =  wing-drag  coefficient 
Xp  =  parasite  resistance  coefficient 
V  =  velocity 
A  =  lifting  area 
t  =  thrust 

For  small  angles  of  glide,  where  cos  ©  is  close  to 
unity,  the  effect  of  a  negative  propeller  thrust  will  be 
simply  to  increase  9  for  any  speed  of  glide  of  the  ma- 
chine. It  is  only  on  a  very  steep,  almost  vertical,  dive 
that  the  negative  thrust  will  act  usefully  by  keeping 
dovm  the  terminal  velocity.  On  recovery  from  the  dive, 
the  negative  propeller  thrust  will  have  no  effect  upon 
the  landing  speed,  which  will  always  be  defined  by  the 
maximum  Ky  of  the  plane.  The  variable-pitch  propeller 
will,  however,  have  a  very  powerful  effect  indeed  on  the 
landing  run  and  will  be  probably  the  most  efficacious 
method  of  braking  possible. 

In  Fig.  8,   the  forward  skid  arrangements  for  the 
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English  Avro  and  the  Ace  machines  are  shown.  Such 
arrangements  are  equivalent  to  the  placing  of  an  extra 
tail-skid  and  an  extra  tractive  effect,  without  the  incon- 
veniences entailed  in  carrying  the  center  of  gravity  far 


Fig.  8 — Forward  Skid  Arrangeiients  for  the  Abvo  and  Ace 
Ajrplanes 

behind  the  wheels,  which  means  difficulties  in  get-away 
and  a  damaging  effect  on  the  field  due  to  an  extremely 
heavy  tail-skid  load.  If,  in  the  Curtiss  R-4-L  machine, 
the  skid  tractive  effect  of  140  lb.  were  increased  to  280 
lb.  by  the  use  of  a  forward  skid,  the  computed  run  would 
be  shortened  to  615  ft.  instead  of  750  ft.,  which  is  an 
appreciable  difference. 

Brakes  on  wheels  have  been  avoided  hitherto  because 
of  the  tendency  induced  of  nosing  the  machine  over,  but 
with  a  small  forward  wheel  or  skid  they  might  become 
a  very  useful  device. 

Length  of  Get-Away 
It  is  much  more  difficult  to  arrive  at  an  exact  de- 
termination of  the  length  of  the  get-away  run  owing  to 
the  fact  that  the  attitude  of  the  machine  may  change 
during  the  run,  and  also  because  the  thrust  of  the  pro- 
peller varies  during  the  run.  For  every  machine  there 
is  undoubtedly  a  best  attitude  for  the  get-away  and  a 
best  method  for  attaining  the  quickest  get-away.  In 
the  comparative  test  of  the  Curtiss  HA  and  R-4-L  ma- 
chines previously  mentioned,  the  tractive  resistance* 
were 

HA         R-4-L 
With  tail-skid  drawing,  lb.  440  500 

With  tail-skid  set  m  a  two-wheel  truck,  lb.      240  360 
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This  indicates  quite  clearly  that  the  pilot  should  get 
the  skid  off  the  ground  as  soon  as  possible  and  thereby 
remove  a  considerable  portion  of  the  tractive  effort. 
Unless  the  center  of  gravity  is  very  far  back  of  the 
wheels,  this  should  be  possible  almost  as  soon  as  the  en- 
gine is  fully  effective  and  the  slipstream  of  the  propeller 
hits  the  tail  surfaces. 

When  the  plane  starts  off,  the  equation  of  motion  be- 
comes 

Wd^x 

The  notation  is  the  same  as  that  previously  employed 
and  t  is  the  thrust  of  the  propeller.  The  resistance  to 
movement  can  be  expressed  by  the  formula 

(.c,  —  c,c,)v'  +  c,W. 

Since  c^W  is  a  constant,  the  acceleration  will  be  a 
maximum  when  (c, — c/:^)  is  a  minimum.  To  find  the  at- 
titude at  which  this  is  a  minimum,  graphical  methods 
are  best  employed.    Takimr  the  HA  machine  for  which 
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AGAINST  THB  ANGLB   OF   INCIDENCE 

rule  for  a  quick-get-away  propeller  is  to  have  the  diam- 
eter small  enough  so  that  the  engine  can  attain  as  high 
a  number  of  revolutions  per  minute  { 
possible,  as  the  thrust  increases  rapid 
of  revolution.  Propellers  of  smaller  pit 
the  larger  thrust-power  ratio,  and  wid 
generally  have  larger  thrust-power  r 
dicated  in  Dr.  Durand's  tests. 

The  variable-pitch  propeller  will  be 
souring  a  speedy  get-away,  since  the  ] 
small  on  the  ground,  while  in  level  flig 
suitably  high.  Much  practical  and 
remains  to  be  done  before  the  full  p 
variable-pitch  propeller  can  be  realize 

No  attempt  has  been  made  in  the  co 
to  compute  the  length  of  get-away.  T< 
be  necessary  to  know  the  characteristic 
at  low  ratios  of  V/nD  and  at  static  1 
to  solve  the  equation  of  motion  by  ir 
intervals  during  which  the  propeller 
constant,  or  by  putting  the  thrust  int 
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a  function  of  the  velocity.  I  hope  to  work  out  this  prob- 
lem for  a  typical  machine  at  a  later  date.  The  question 
of  the  length  of  get-away  offers  less  difficulty  in  com- 
mercial flying  than  the  landing  run,  since  for  the  get- 
away there  can  be  a  better  selection  of  ground.  In  the 
comparative  test  on  the  HA  and  R-4-L  machines,  the 
get-away  distances  were  538  ft.  for  the  HA  and  524  ft. 
for  the  R-4-L  machine.  On  the  landing  run  the  HA  ma- 
chine was  better,  owing  to  the  larger  angle  of  incidence 
that  could  be  maintained  in  rolling  on  the  ground,  but 
the  R-4-L  machine  made  a  quicker  and  shorter  get-away 
because  of  its  lower  minimum  flying  speed. 


ENGINE  SHAPE  AS  AFFECTING  AIR- 
PLANE OPERATION 

By  Grover  C  Loening^ 


The  annual  report  covering  transportation  by  the 
largest  British  air-transport  company  laid  particular 
emphasis  upon  the  greater  value  of  the  faster  machines 
in  its  service.    Granted  that  efiicient  loads  can  be  car- 
ried, the  expense,  trouble  and  danger  of  the  airplane 
are  justified  only  when  a  load  is  carried  at  far  greater 
speed  than  by  any  other  means.    A  reasonable  conclu- 
sion seems  to  be  that  we  can  judge  the  progress  made 
in  aviation  largely  by  the  increased  speed  attainable. 
•     It  is  interesting  and  possibly  very  valuable  therefore 
'^^  to  inquire  into  the  relations  of  power  and  resistance 
as  applied  to  small  racing  machines  with  aircraft  en- 
:  gines  that  are  available. 

,  The  engine  builder  is  only  too  likely  tfO  think  that 
he. has  reached  the  goal  required  by  the  aircraft  builder 
if  he  can  make  the  light-weight  flgrure  of  the  engine 
"dry,**  in  pounds  per  horsepower,  low  enough,  but  this 
attitiide  is  not  only  erroneous  but  actually  tends  to  the 
'  development  for  aircraft  of  engines  that  are  very  un- 
'      desirable.     Four  specific  and  reasonable,  although  ad- 
mittedly not  absolutely  correct  assumptions,  are  made 
and, -after  analysis,  they  are  stated  to  mean  that  en- 
.    gines  are  not  penalized  by .  placing  them  in  different 
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types  of  aircraft  and  that  the  consideration  of  the 
figures  on  a  unit  horsepower  basis  is  justified.  The 
radiator  and  wing  drift  are  discussed,  with  accompany- 
ing tables  of  the  sizes  of  various  well-placed  radiators 
and  of  the  air-resistance  characteristics  of  engines, 
and  photographs  of  various  types  of  engine.  The  sub- 
ject of  resistance  coefficients  is  treated  at  some  length 
and  followed  by  an  explanation  of  and  comment  upon 
a  speed-resistance  chart  which  is  presented.  The 
author  states  that  resistance  is  more  important  than 
weight  and  urges  builders  to  make  the  shape  and  xlis- 
position  of  their  engines  more  suitable. for  airplanes, 
with  low  head  resistance  considered  as  a  fundamental. 

It  is  generally  accepted  that  speed  is  the  raison  d'etre 
of  the  airplane,  particularly  as  proved  in  the  passenger 
air  services  maintained  in  Europe  between  London,  Paris 
Brussels,  and  other  places.  The  annual  report  covering 
transportation  by  the  largest  British  air-transport  com- 
pany, Airco,  laid  particular  emphasis  upon  the  greater 
value  of  the  faster  machines  in  its  service.  Granted 
that  efficient  loads  can  be  carried,  the  expense,  trouble 
and  danger  of  the  airplane  are  justified  only  when  a  load 
is  carried  at  far  greater  speed  than  by  any  other  means. 
That  we  may  judge  the 'progress  made  in  aviation  year 
by  year  largely  by  the  increased  speed  attainable,  seems 
to  be  a  reasonable  conclusion.  Although  this  high  speed 
is  always  first  attained  by  small  special  racing  machines, 
the  history  of  aviation  has  shown  that  the  same  high 
speed  is  soon  attained  by  machines  carrying  a  more 
practical  load. 

Principally  in  connection  with  ^-he  coming  Gordon 
Bennett  International  Air  Race,  much  has  been  heard  of 
late  of  the  probability  of  200  m.p.h.  being  attained  in 
racing.  The  Nieuport  single-seater,  with  an  especially 
small  wing  area,  is  credited  with  about  190  m.p.h.,  al- 
though this  machine  in  a  closed  circuit  averaged  about 
170  m.p.h.  It  is  interesting  and  possibly  very  valuable, 
therefore,  to  inquire  into  the  relations  of  power  and  re- 
sistance  as  applied  to  small  racing  machines  with  air- 
craft engines  that  are  available  today. 

One  might  crystallize  the  general  off-hand  sentiment 
of  the  aviation  world  with  regard  to  fast  machines  by 
pointing  out  that  the  light-weight  high-powered  radial 
air-cooled  engines  are  generally  considered  the  coming 
type  for  small  fast  aircraft;  while  the  large  heavy  high- 
powered  water-cooled  engines  are  generally  placed  in 
large  slow  load-carrying  airplanes.     Further  than  this. 
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there  is  a  distinct  tendency  on  the  part  of  engine  builders 
to  sacrifice  some  details  for  the  purpose  of  lightening 
the  weight  of  the  engines,  so  that  they  can  place  in 
their  catalogs  an  extravagant  figure  stating  the  light 
weight  of  the  engine,  "dry,"  in  pounds  per  horsepower. 
The  engine  builder  is  only  too  likely  to  think  that  he 
has  reached  the  goal  required  by  the  aircraft  builder  if 
he  can  make  this  figure  low  enough.  In  this  paper, 
however,  it  is  proposed  to  demonstrate  that  this  attitude 
is  not  only  erroneous,  but  actually  tends  to  the  develop- 
ment for  aircraft  of  engines  that  are  very  undesirable 
for  several  important  reasons. 

Leaving  for  a  moment  consideration  of  fast  aircraft 
from  the  airplane  standpoint,  we  can  consider  when  all 
is  said  and  done  that  the  airplane  engine  must  drive 
itself  through  the  air,  and  requires  some  proportion  of 
wing  area  to  carry  its  own  weight.  Considering  the 
power  absorbed  by  the  engine  itself,  we  find  that  it  con- 
sists of  the  head  resistance  of  the  engine  and  of  its 
necessary  water  or  oil  radiators,  due  to  their  shape, 
and  the  drift  on  the  wings  that  is  chargeable  to  the 
weight  of  this  powerplant.  To  separate  these  two  items 
and  examine  into  the  desirability  of  various  engines  for 
the  attainment  of  high  speeds,  we  must  analyze  the  cost 
of  head  resistance  due  to  a  heavy  engine  as  against  a 
light  engine,  and  add  the  cost  of  head  resistance  caused 
by  a  bulky  or  a  streamlined  engine  as  thQ  C^c  may  be. 
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Let  US  simplify  this  problem  by  making  the  following 
reasonable,  although  admittedly  not  absolutely  correct, 
Lssumptions : 

(1)  In  high-powered,  carefully-designed  aircraft  en- 
gines, the  fuel  consumption  per  horsepower  is  very 
nearly  the  same 

(2)  In  applying  maximum  skill  in  airplane  design,  it 
is  likely  that  the  weight  per  horsepower  of  the  air- 
plane structure  necessary  to  carry  any  of  these 
engines  will  be  about  the  same 

(3)  The  propeller  efficiency  of  the  various  engines  can 
be  considered  practically  the  same,  because  we  are 
examining  primarily  the  high-speed  conditions 
where  the  advantage  of  the  slow  speed  of  the 
geared  propeller  does  not  enter  and  might  even 
prove  detrimental 

(4)  In  the  drift  of  the  wings  necessary  to  carry  any 
engine,  the  same  lift/drift  ratio  can  be  assumed 

It  will  be  found  on  analyzing  these  assumptions  that 
they  mean  that  we  do  not  penalize  engines  by  placing 
them  in  different  types  of  aircraft,  and  are  thus  justi- 
fied in  considering  figures  on  a  unit  horsepower  basis. 

The  Radiator  and  Wing  Drift 
It  has  been  found  quite  conclusively  on  many  types 
of  aircraft  using  water-cooled  engines  that,  no  matter 
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where  the  radiator  is  placed,  a  certain  amount  of  head 
resistance  must  ]be  expended  to  get  cooling,  since  the 
air  must  pass  through  the  radiator.  Placing  the  radi- 
ator in  front  of  an  engine,  in  an  effort  to  combine  the 
resistance  of  the  two,  merely  makes  it  necessary  to  add 
to  the  size  of  the  radiator  by  exactly  the  amount  that 
the  presence  of  the  engine  behind  it  blocks  circulation. 
This  is  particularly  true  of  the  Liberty  engine  when 
mounted  on  the  De  Haviland-Four;  Good  practice  dic- 
tates that  we  separate  the.  radiator  resistance  from  that 
of  the  engine  itself,  and  assign  to  the  necessary  size  of 
radiator  a  reasonable  frontal  area  in  square  inches  per 
horsepower,  varying  with  the  speed. 

A  review  of  the  sizes  of  various  well-placed  radiators 
gives  the  values  for  frontal  areas  presented  in  Table  1. 

This  reduction  in  the  size  of  radiator,  of  course,  in- 
volves the  consideration  that  on  a  high-speed  machine 
the  radiator  be  retractable. 


TABLE  1 

Speed, 
m.p.h. 

.    Frontal 
Area  of  Radiator, 
per  Horsepower 
sq.  in. 

Lift/Drift 
Ratio 

50 
100 
150 
200 

2.5 
2.0 
1.5 
1.0 

lto8 
ItoU 
Itoll 
ItolO 

The  weights  of  the  engines  shown  in  Table  2  are  in- 
clusive of  radiator,  water  and  propeller,  complete.  Part 
of  the  airplane's  wing  area  must  do  its  share  of  work 
in  supporting  the  weight  of  the  engine,  and  this  work 
will  cost  a  certain  amount  in  head  resistance  repre- 
sented by  the  drift  of  this  proportion  of  the  wing.  We 
can  arrive  at  this  figure  for  any  speed  by  dividing  the 
weight  of  the  engine  by  the  lift/drift  ratio  at  that 
speed,  and  from  an  examination  of  efficient  wing  struc- 
tures the  lift/drift  ratios  in  Table  1  are  assumed. 

In  arriving  at  these  values  consideration  has  been 
given  to  the  drift  as  a  resistance  not  only  of  the  wing 
section  itself  but  of  the  complete  bracing  necessary  to 
support  it,  which  explains  the  less  efficient  value  at 
50  m.p.h.  where  flight  would  require  a  very  large  wing 
area  and  light  wing-loading  which  would  necessitate  a 
high  head  resistance  in  struts  and  wires. 
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The  700-Hp.  Fiat  Engine 

Resistance  Coefficients 

The  resistances  of  various  fuselages  measured  in  v^ind 
tunnels  have  been  revievsred  and  found  to  differ  consider- 
ably from  the  actual  resistance  of  fuselages  of  full-size 
airplanes,  as  determined  from  their  actual  performances. 
This  is  probably  due  to  the  ignoring  of  the  slipstream  ef- 
fect. At  any  rate,  a  revievr  of  all  these  figures  indicates 
that  in  the  formula  R  =  KSV*  the  value  of  the  resistance 
coefficient  K,  for  most  fuselages,  averages  about  0.0009, 
where  cross-sectional  area  is  expressed  in  square  feet 
and  the  speed  V  in  miles  per  hour.  This  value  has  been 
adopted  for  all  engines,  a  reasonable  assumption  if  one 
desires  to  obtain  a  better-shaped  body  by  making  the 
fuselage  larger  at  one-third  of  its  distance  back  from 
the  engine,  inasmuch  as  the  resistance  of  the  larger 
cross-sectional  area  very  nearly  balances  the  lower  re- 
sistance coefficient. 

An  examination  of  the  resistance  coefficients  of  radi- 
ators discloses  the  fact  that  when  the  resistance  of  the 
headers  and  some  piping  is  included,  the  coefficient  K 
for  radiators  of  the  best  shapes  is  at  least  0.0012,  where 
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the  frontal  area  of  the  radiator  S  is  expressed  in  square 
feet  and  the  air  speed  in  miles  per  hour.  New  types  of 
radiators,  such  as  the  Lamblin  circular  radiator,  will 
modify  this  slightly,  primarily  because  of  the  more  eflSr 
cient  shape  of  the  header  arrangement;  although,  as 
pointed  out  by  Colonel  Bristow  in  an  excellent  article' 
on  aircraft  engines  at  the  Paris  Show,  the  amount  of 
piping  necessary  to  connect  up  this  radiator  probably 
would  rob  it  of  much  of  its  advantage. 

With  the  above  data  it  becomes  possible  to  establish 
a  new  quantity,  the  resistance  per  horsepower  of  the 
engine.  How  much  more  important  this  new  quantity 
is  than  the  quantity  weight  per  horsepower  of  the  en- 
gine, to  which  we  have  been  giving  so  much  attention, 
will  readily  be  shown  by  a  further  examination  of  the 
various  engines.  Table  2  shows  the  characteristics  of 
the  engines  which  are  representative  of  the  latest 
developments. 

This  table  shows  the  weight  per  horsepower  of  these 
engines  complete,  including  the  radiator,  water,  pro- 
peller, etc.  At  speeds  of  50,  100,  150  and  200  m.p.h., 
values  are  given  for  the  frontal  area  of  the  radiator,  and 
the  radiator,  engine  and  drift  resistances  due  to  the 
weight  of  the  engine,  all  of  which  are  finally  summed 
up  to  determine  the  total  resistance  in  pounds  per  horse- 
power due  to  the  shape,  weight  and  type  of  engine. 

The  Speed-Resistance  Chart 

The  values  derived  from  the  table  have  been  plotted 
on  a  chart  in  which  the  abscissas  are  speeds  in  miles 
per  hour  and  the  ordinates  the  total  air  resistance  of  the 
engine  due  to  its  shape  and  its  weight  as  carried  by  the 
wing,  expressed  in  pounds  per  horsepower.  In  a  rather 
striking  manner  the  chart  brings  out  figures  that  are 
perhaps  worthy  of  consideration  by  every  engine  builder 
and  designer  interested  in  developing  higher  speeds. 
The  general  opinion  as  to  aircraft  engines  held  by  the 
aviation  world  is  subject  to  considerable  correction,  for 
we  find  that  the  best  engine  for  a  heavy  load-carrying 
machine  at  slow  speeds  is  the  Cosmos  Jupiter,  the  latest 
air-cooled  radial  type;  and  the  best  engine  for  high 
speeds  is  the  heavy,  high-powered,  water-cooled  engine 
represented  by  the  700-hp.  Fiat.  Close  to  this  we  find 
the  beautifully-shaped  Curtiss  C-12. 


'See  Aircraft  Engineering,  January,  1920. 
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At  about  100  m.p.h.  all  of  the  types  of  engine  consid- 
ered have  very  nearly  the  same  air  resistance.  At  250 
m.p.h.,  to  which  speed  the  chart  has  been  carried,  the 
differences  are  clear.  The  general  quantitative  picture 
presented  by  this  chart  shows  us  that  the  light  air- 
cooled  radial  type,  with  a  high  head  resistance,  loses  the 
value  of  its  light  weight  as  soon  as  its  poor  shape  begins 
to  absorb  more  of  its  power  in  resistance.  The  difficulty 
of  getting  high  speeds  out  of  rotary  engines,  for  ex- 
ample, is  obvious  when  it  is  realized  that  at  speeds  of 
only  80  m.p.h.  the  BR-2  rotary  engine  begins  to  become 
very  much  less  efficient  than  the  six-cylinder  Hall-Scott 
engine  of  about  the  same  horsepower. 

To  determine  what  high  speeds  the  present  available 
engines  would  permit  under  ideal  conditions,  we  can  lay 
off  on  the  chart  a  curve  showing  the  allowable  resistance 
per  horsepower.  This  forms  a  barrier  beyond  which  we 
cannot  go,  simply  because  1  hp.  is  itself  entirely  con- 
sumed by  the  allowable  resistance.  The  values  on  the 
chart  show  the  resistance  per  horsepower  of  the  engine. 
Considering  a  high-speed  airplane  with  practically  no 
structural  resistance  other  than  that  of  the  engine  and 
the  fuselage  behind  it,  and  with  a  landing  gear  practi- 
cally eliminated  as  a  resistance  by  being  retracted,  we 
could  estimate  that  a  load  of  fuel,  the  pilot  and  the  air- 
plane structure  itself,  would  consume  in  the  form  of 
drift  on  the  remainder  of  the  wing  area  not  already  car- 
rying the  engine,  about  26  per  cent  of  the  total  available 
power.  Thus  75  per  cent  of  each  horsepower  in  the  en- 
gine is  available  to  combat  the  engine's  resistance  and 
will  permit  this  engine  resistance  to  rise  up  to  the  figure 
that  uses  up  the  allowable  pounds.  Thus  we  arrive  at 
a  curve  from  the  formula 

Horsepower  X  375  x  0.75  =  Maximum  allowable  re- 
Speed  m  miles  per  hour  sistance  in  pounds. 

From  this  curve  we  can  conclude  that  under  ideal  con- 
ditions, with  reasonable  extremes  in  design  for  the  racing 
machine,  we  could  obtain  a  high  speed  of  235  m.p.h.  with 
the  Fiat,  232  with  the  Curtiss  C-12,  gradually  working 
down  to  204  for  the  Cosmos,  and  180  for  the  BR-2  rotary 
engine.  It  is  seen,  therefore,  putting  consideration  of 
landing  speed  aside,  that  straightaway  speeds  of  200 
m.p.h.  are  distinctly  possible.  Of  course,  in  a  small 
circuit,  the  maneuvering  ability  of  the  machine  would 
greatly  modify  this. 
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Resistance  More  Important  than  Weight 

The  cUart  permits  an  interesting  demonstration  when 
we  take  the  figures  for  the  Curtiss  C-12  and  assume  first 
that  by  laborious  work  the  weight  of  the  engine  is  re- 
duced to  one-half  its  amount,  which  it  is  very  doubtful 
could  ever  even  be  approached  in  this  t3i>e  of  engine. 
Assuming  such  an  extreme,  however,  we  find  the  resist- 
ance per  horsepower,  when  reduced  as  shown,  permits 
an  increase  in  speed  from  232  to  241  m.p.h.  or  only 
9  m.p.h.  On  the  other  hand,  we  can  take  this  same  en- 
gine and  assume  that,  keeping  its  weight  the  same,  we 
modify  its  structure  so  as  to  halve  the  head  resistance 
of  the  engine  itself,  due  to  its  shape.  This  change,  which 
is  entirely  within  the  realm  of  possibility,  would  increase 
the  speed  to  290  m.p.h.,  and  would  show  that  if  we  could 
get  a  420-hp.  engine  with  a  cross-sectional  area  per- 
mitting a  good  shape  that  would  not  be  much  over  2  ft. 
high  and  9  in.  wide,  we  could  approach  a  speed  of  300 
m.p.h.  Evidently,  therefore,  even  admitting  that  some 
of  the  assumptions  made  necessary  to  derive  this  simple 
chart  are  apt  to  vary,  we  nevertheless  find  a  lesson  of 
the  greatest  importance  which  promises  much  in  the  fu- 
ture of  aviation.  This  shows  how  much  more  important 
the  head  resistance  of  an  engine  is  than  its  weight.  Let 
us  urge  the  builders,  therefore,  to  abandon  their  unwar- 
ranted race  for  lighter  weight  per  horsepower,  bringing 
with  it  tremendous  expense  in  construction,  a  lack  of 
reliability  and  innumerable  difficulties  in  service,  and 
that  they  begin  on  a  new  line  offering  far  greater  possi- 
bilities by  making  the  shape  and  disposition  of  their 
engines  more  suitable  to  airplanes,  with  low  head-resist- 
ance considered  as  a  fundamental.  An  engine  of  suffi- 
ciently well-studied  shape  will  permit  greater  weight, 
more  reliability,  and  less  construction  expense.  This  will 
improve  the  practicability  of  airplanes  to  an  enormous 
degree,  and  with  it  bring  improved  performance. 
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DESIGN  FACTORS  FOR  AIRPLANE 
RADIATORS 

By  Samuel  R  Parsons^ 

The  paper  defines  properties  that  describe  the  per- 
formance of  a  radiator ;  states  the  effects  on  these  prop- 
erties of  external  conditions  such  as  flying  speed,  at- 
mospheric conditions  and  position  of  the  radiator  on  the 
airplane;  enumerates  the  effects  of  various  features 
of  design  of  the  radiator  core;  and  compares  methods 
that  have  been  proposed  for  controlling  the  cooling  ca- 
pacity at  altitudes.  Empirical  equations  and  constants 
are  given,  wherever  warranted  by  the  information 
available. 

This  paper  presents  in  brief  form  the  more  important 
restilts  of  the  investigation  of  airplane  radiators  at  the 
Bureau  of  Standards.  Approximate  empirical  equations 
and  constants  are  given  wherever  possibl9,  but  all  dis- 
cussion of  experimental  methods  is  omitted.  The  work 
is  treated  in  detail,  with  descriptions  of  the  experimental 
methods  and  mathematical  treatment,  in  a  series  of  re- 
ports, written  by  various  members  of  the  staff,  published 
by  the  National  Advisory  Committee  for  Aeronautics. 

The  fundamental  requirement  for  a  radiator  for  an 
airplane  engine  is  that  it  shall  maintain  the  temperature 
of  the  water  in  the  cylinder  jackets  within  a  limited 
range.  In  so  doing  it  must  dissipate  heat  under  condi- 
tions that  vary  between  wide  limits.  The  speed  of  the 
airplane  and  consequently  the  rate  at  which  air  passes 
through  the  radiator  are  much  greater  for  level  flight 
at  full  throttle  than  for  maximum  rate  of  climb.  At- 
mospheric temperatures  vary  widely  between  summer  and 
winter,  and  between  the  ground  and  great  altitudes; 
also,  the  density  of  the  air  falls  off  rapidly  with  altitude, 
being  about  one-half  as  great  at  20,000  ft.  as  at  the 
ground.  If  a  supercharging  engine  is  used,  the  maxi- 
mum speed  of  level  flight  may  be  considerably  higher  at 
great  altitudes  than  near  the  ground. 

With  the  use  of  supercharging  engines,  the  most  se- 
vere conditions  for  the  radiator  may  occur  at  great  alti- 
tudes. Since  in  general  the  most  severe  conditions  for 
the  radiator  are  those  of  climb  at  the  maximum*  rate  near 
the  ground,  the  radiator  is  usually  designed  for  this  con- 

'  Bureau  of  Standards,  Washington. 
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dition  and  provided  with  some  means  for  shuttering,  to 
control  its  cooling  capacity  when  under  less  severe  con- 
ditions. But  while  a  capacity  for  dissipating  heat  to  the 
atmosphere  is  the  primary  requirement  of  the  radiator, 
it  becomes  necessary  in  aeronautic  work  to  give  very 
careful  consideration  to  the  effects  of  the  radiator  on 
the  airplane.  First,  it  adds  somewhat  to  the  weight  to 
be  carried;  second,  it  adds  considerably  to  the  air  re- 
sistance of  the  airplane.  That  is,  more  power  is  required 
to  drive  the  plane  than  would  be  needed  if  it  could  be 
operated  without  a  radiator.  The  force  required  to  push 
the  radiator  through  the  air,  called  its  head  resistance, 
is  considerable  at  high  speeds.  For  many  of  the  types 
of  radiator  submitted  for  aeronautic  use  it  is  so  great 
that  if  an  airplane  were  driven  at  120  m.p.h.,  a  radiator 
large  enough  to  cool  the  engine  would  absorb  from  12 
to  15  per  cent  of  its  power.  The  radiator  causes  absorp- 
tion of  power  in  two  ways,  in  carrying  its  weight  and  in 
overcoming  its  head  resistance.  It  also  has  other  ad- 
verse effects  on  the  plane,  among  which  are  (a)  obstruc- 
tion of  the  pilot's  view,  (b)  modifications  in  internal 
construction  of  the  fuselage  to  accommodate  the  mount- 
ing of  the  radiator,  and  (c),  in  military  machines,  liabil- 
ity to  injury  from  hostile  fire. 

It  is  evident  that  while  the  best  conditions  for  heat 
transfer  require  that  the  air  shall  flow  rapidly  past  the 
cooling  surfaces,  this  condition  gives  rise  to  high  head 
resistance.  The  problem  of  radiator  design  thus  be- 
comes one  of  obtaining  a  maximum  rate  of  heat  transfer 
with  a  minimum  absorption  of  power.  The  fundamental 
criterion  for  a  good  radiator  is  that  it  shall  dissipate 
heat  at  the  required  rate  with  a  minimum  absorption 
of  power.  Various  devices  have  been  suggested,  such 
as. using  the  under  side  of  the  wing  for  the  cooling  sur- 
face or  building  the  struts  and  other  parts  of  the  air- 
plane with  double  walls  and  passing  water  through  the 
spaces  formed.  While  such  construction  might  furnish 
heat  transfer  with  no  great  increase  in  head  resistance,  it 
involves  mechanical  difficulties  in  construction  and  is 
essentially  heavy,  because,  of  the  two  walls  that  must 
contain  the  water  streams^. only  one  is  available  for  ef- 
fective cooling  surface  and, .  f urthermorp,  to.  keep  f no- 
tional resistance  within  reiisonable .  limits,  the  water 
streams  must  be  fairly  thick  on  ficQount  of  .their  great 
length.  The  construction  would  obviously  be  unsuitable 
for  military  use,  because  of  its  vulnersibility.    Such  sur- 
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face  would  probably  be  of  about  the  same  effectiveness 
as  a  dissipater  of  heat  as  an  equal  area  of  cooling  sur- 
face made  up  into  a  good  form  of  radiator. 

The  most  important  quantities  that  describe  the  per- 
formance of  a  radiator  are  given  below.  The  units  named 
are  chosen  for  convenience  and  will  be  used  throughout 
unless  other  units  are  specified.  It  will  be  noted  that  all 
quantities  are  reduced  to  unit  frontal  area  of  radiator 
core. 

(1)  Heat  transfer  is  the  rate  at  which  heat  is  dissi- 
pated. It  will  be  expressed  in  horsepower  per 
square  foot,  or  kilowatts  per  square  meter,  of 
frontal  area 

(2)  Air  flow  is  the  mass  flow  of  air  through  the  core 
of  the  radiator.  It  will  be  expressed  in  pounds 
of  air  per  second  per  square  foot,  or  grams  per 
second  per  square  centimeter,  of  frontal  area 

(3)  Head  resistance  is  the  force  required  to  push  the 
radiator  through  the  air.  It  will  be  expressed  in 
pounds  per  square  foot,  or  kilograms  per  square 
meter,  of  frontal  area.  Head  resistance  of  the 
radiator  core  is  to  be  distinguished  from  head  re- 
sistance "chargeable  to  the  radiator,"  which  in- 
cludes any  part  of  the  resistance  of  the  entire  plane 
that  may  be  due  to  modifications  in  design  necessi- 
tated by  the  presence  of  the  radiator.  That  is^ 
head  resistance  chargeable  to  the  radiator  is  the 
difference  between  the  resistance  of  the  entire 
plane  and  the  resistance  that  it  might  have  had 

if  it  could  have  been  designed  without  a  radiator 

(4)  Weight  is  expressed  in  pounds  per  square  foot,  or 
kilograms  per  square  meter,  of  frontal  area,  in- 
cluding the  water  contained  in  the  core 

(5)  The  power  absorbed  is  that  used  in  overcoming 

head  resistance  and  in  lifting  and  sustaining  the 

weight.     It  will  be  expressed  in  horsepower  per 

square  foot,  or  kilowatts  per  square  meter,  of 

'  frontal  area.-  A  distinction  is  to  be  made  between 

the  power  absorbed  by  the  radiator  core  and  the 

powet  absorbed  chargeable  to  the  radiator,  similar 

.to, that  stated  f pr  head  resistance 

(6)  The  figure  of  merit  is  the  ratio  of  the  rate  of 

dissipation  of  heat  to  the  power  absorbed,  when 

both  are  expressed  in  the  same  units.     A  high 

figure  of  merit  is  the  fundamental  criterion  for  a 

good  radiator 

In  considering  the  performance  of  the  radiator,  it  is 
convenient  to  divide  the  possible  positions  in  which  it 
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can  be  mounted  on  the  plane  into  three  classes  (a)  un- 
obstructed, in  which  the  flow  of  air  through  and  around 
the  radiator  is  unaffected  by  other  parts  of  the  plane; 
(&)  obstructed,  in  which  the  flow  of  air  through  the 
radiator  is  reduced  by  the  effects  of  other  parts  of  the 
plane;  and  (c)  slipstream  positions,  in  which  the  blast 
from  the  propeller  blows  over  the  radiator.  It  will  be 
'  noted  that  slipstream  positions  include  both  those  that 
would  be  obstructed,  except  for  the  propeller,  and  those 
that  would  be  unobstructed. 

Heat  Transfeb 

Heat  transfer  depends  upon  (a)  the  temperature  dif- 
ference between  the  air  and  the  water;  (&)  the  rate  of 
flow  of  air  through  the  air  passages,  and  (c)  the  rate  of 
flow  of  water  through  the  water  passages. 

For  the  temperatures  involved  in  the  use  of  water- 
cooled  radiators,  heat  transfer  can  be  assumed  to  be 
proportional  to  the  mean  temperature  difference  between 
the  air  and  the  water.  For  practical  purposes  it  can 
be  regarded  as  proportional  to  the  difference  between  the 
average  of  the  temperatures  of  the  water  at  entrance 
and  exit  and  the  temperature  of  the  entering  air.  For 
a  given  temperature  difference  between  air  and  water, 
the  heat  transfer  increases  with  the  rate  of  water  flow, 
when  the  rate  is  low  but,  at  the  rates  commonly  used  in 
aeronautic  practice,  heat  transfer  is  not  far  from  the 
maximum  that  can  be  obtained  with  change  in  water 
flow  and  can  be  regarded  as  practically  independent  of 
that  rate.  If  for  ordinary  types  of  cellular  radiators 
not  more  than  5  in.  (13  cm.)  deep  in  the  direction  of  air 
flow,  the  water  flow  is  above  2  gal.  per  min.  per  ft 
width*  of  core  per  in.  depth  of  core,  or  1.63  cu.  cm.  per 
sec.  per  cm.  width  of  core  per  cm.  depth  of  core,  the 
heat  tri^nsf er  can  be  regarded  as  independent  of  changes 
in  the  rate  of  water  flow.  In  the  following  discussion  it 
will  be  assumed  that  the  rate  of  water  flow  is  main- 
tained high  enough  that  its  effects  can  be  neglected. 

For  a  given  temperature  difference  and  a  rate  of  water 
flow  sufficiently  high  to  make  the  above  assumption  valid, 
the  variation  of  heat  transfer  with  air  flow  can  be  rep- 
resented empirically  by  the  equation 

H  =  cT  JIf »,  where 


•A   dimension   perMndicular  to   tho   general   directions   of  both 
mtsr  flow  mnA  air  flow.  "''^ 
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H  =  the  heat  transfer 

2'  =  the  difference  between   mean  water  temperature 

and  the  temperature  of  the  entering  air 
M  =  the  mass  flow  of  air 

c  =  a  constant 

n  =  a  constant 

For  the  English  units,  if  T  is  taken  as  100  deg.  fahr., 
c  ranges  from  6.4  to  15.0  for  various  types  of  core.  For 
the  metric  units,  if  T  is  taken  as  50  deg.  cent.,  the  range 
is  from  80  to  200.  The  value  of  n  ranges  from  0.6  for 
types  with  large  amounts  of  "fin"  or  indirect  cooling 
surface,  surface  not  backed  by  flowing  water,  to  0.9  or 
even  unity  for  types  with  only  direct  cooling  surface. 

AiB  Flow 
The  air  flow  through  the  radiator,  the  mass  flow,  is 
ordinarily  proportional  to  the  speed  of  the  airplane  and 
to  the  density  of  the  air.  For  unobstructed  positions, 
positions  such  that  the  flow  of  air  through  and  around 
the  radiator  is  practically  unaffected  by  other  parts  of 
the  airplane,  the  mass  flow  of  air  can  be  computed  from 
the  equation 

M  =  kpVf  where 
M  =  the  air  flow  in  pounds  per  second  per  square  foot 
of  frontal  area,  or  grams  per  second  per  square 
centimeter 
V  =  the  airplane  speed  in  feet  per  second,  or  centime- 
ters per  second 
pzr  the  air  density  in  pounds  per  cubic  foot,  or  in 

grams  per  cubic  centimeter 
k  =  a  constant  for  each  type  of  radiator,  but,  since  the 
constant  h  is  dimensionless,.  any  other  consistent 
set  of  units  might  be  used 
The  constant  k  is  called  the  "mass-flow  constant,"  and 
is  equal  to  the  fractional  part  of  the  air  approaching  the 
radiator  that  actually  passes  through  it,  or  unity  minus 
the  fraction  that  is  deflected  around  it.    This  mass-flow 
constant  is  a  complicated  function  of  the  geometrical 
characteristics  of  the  radiator,  but  for  the  more  usual 
types  with  cellular  construction  it  ranges  between  0.60 
and  0.85.    For  radiators  of  the  "fin-and-tube"  type,  the 
mass-flow  constant  may  be  much  less,  and  certain  pecu- 
liar types  that  produce  a  whistling  sound  when  in  an  air 
stream  have  no  mass-flow  constant,  because  the  air  flow 
is  not  proportional  to  the  airplane  speed.    Both  of  these 
types,  however,  are  unsuitable  for  general  aeronautic 
use,  because  of  excessive  head  resistance. 
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When  the  radiator  is  in  an  obstructed  position,  as  in 
the  nose  of  the  fuselage  or  the  wing,  the  air  flow  through 
the  core  is  in  general  much  less  than  it  would  be  if  the 
radiator  were  unobstructed.  Because  of  .the  devious  path 
that  must  be  followed  by  air  that  enters  the  fuselage 
through  a  nose  radiator,  a  large  portion  of  the  air  will 
be  brought  up  to  a  speed  approaching  that  of  the  air- 
plane before  finding  its  way  out  from  the  fuselage.  This 
acquisition  of  speed  is  accompanied  by  a  considerable 
absorption  of  power,  and  builds  up  a  considerable  air 
pressure  in  front  of  the  radiator.  Furthermore,  air  es- 
caping from  the  sides  of  the  fuselage  interferes  seri- 
ously with  the  flow  of  air  past  the  sides,  which  might 
otherwise  be  fairly  well  streamlined.  These  considera-k 
tions  show  that  a  radiator  in  the  nose  of  the  fuselage 
can  be  expected  to  increase  greatly  the  resistance  of  the 
fuselage,  and  to  give  only  a  small  flow  of  air  through  the 
radiator.  For  positions  in  the  nose  of  the  fuselage  the 
mass-flow  constant  probably  ranges  between  0.3  and  0.7, 
depending  upon  the  type  of  core  and  the  provision  made 
for  letting  the  air  out  of  the  fuselage  after  it  has  en- 
tered through  the  radiator. 

In  considering  a  radiator  mounted  in  the  wing  it 
should  be  borne  in  mind  that,  with  wings  of  the  pres- 
ent t3rpes,  the  air  flow  cannot  be  large,  for,  while  the 
wing  is  designed  to  cause  a  difference  in  pressure  be- 
tween the  upper  and  lower  surfaces,  it  is  not  designed 
to  maintain  such  a  pressure  difference  when  air  is  flow- 
ing from  one  surface  to  the  other.  The  region  of  loW 
pressure  on  the  upper  side  of  the  wing  occurs  only  near 
the  surface,  and  even  .a  small  amount  of  air  flowing  up 
through  the  wing,  in  the  case  of  a  wing  radiator,  will 
bring  the  pressure  in  this  region  nearly  up  to  that  on 
the  under  side  of  the  wing,  so  that  only  a  very  small  air 
flow  can  be  maintained.  For  a  radiator  mounted  in  the 
wing,  the  mass-flow  constant  is  probably  between  0.05 
and  0.25. 

When  the  radiator  is  either  wholly  or  partly  in  the 
slipstream  of  the  propeller,  the  air  flow  and  consequently 
the  heat  transfer  are  somewhat  greater  than  they  would 
otherwise  be  for  the  same  position.  The  effect  of  the 
slipstream  evidently  varies  with  different  p6sitions  and 
with  different  types  of  airplane,  but  it  is  usually  assumed 
that  the  dpeed  of  the  air  stream  relative  to  the  radiator 
is  20  to  25  per  cent  greater  in  the  slipstream  than  out- 
side of  it.    The  relative  increase  in  air  flow  through  the 
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mdiator  is  probably  somewhat  less  than  the  relative  in- 
crease in  speed  past  the  radiator,  because  in  the  slip- 
stream the  air  does  not  strike  the  radiator  in  a  direction 
normal  to  its  face. 

Head  Resistance 

The  head  resistance  of  the  radiator  can  be  assumed, 
for  usual  purposes,  proportional  to  the  square  of  the 
flying  speed  and  to  the  density  of  the  air.     For  unob- 
structed positions  it  may  be  represented  by  the  equation 
J?  =  6  p  y,  where 
R  =  the  head  resistance  in  pounds  per  square  foot,  or 

kilograms  per  square  meter,  of  frontal  area 
V  =  the  airplane  speed  in  miles  per  hour,  or  in  meters 

per  second 
p  =  the  air  density  in  pounds  per  cubic  foot,  or  grams 

per  cubic  centimeter 
6  =  a  constant  for  each  type  of  radiator 

The  value  of  b  ranges  between  very  wide  limits.  If 
the  English  units  are  used,  for  cellular  radiators  with 
straight-sided  air  tubes,  it  ranges  from  0.0009  for  cores 
with  very  large  free  area  to  0.0023  for  types  with  very 
small  free  area;  for  fin-and-tube  radiators,  unless  very 
open,  it  exceeds  0.0020;  and  for  irregular  types  with 
turbulence  vanes  it  may  run  as  high  as  0.0026.  The 
corresponding  values  for  the  metric  units  are  respec- 
tively 1.4,  8.5,  3.1  and  4.0. 

When  the  radiator  is  placed  in  the  nose  of  the  fuse- 
lage, the  head  resistance  chargeable  to  the  radiator, 
meaning  the  difference  between  the  head  resistance  of 
the  complete  airplane  and  the  resistance  that  it  might 
have  had  if  it  could  have  been  designed  without  a  radi- 
ator, is  in  general  very  large  and,  for  a  given  flying 
speed,  the  head  resistance  chargeable  to  the  radiator 
increases  with  increase  in  air  flow.  It  is  considerably 
greater  for  a  radiator  placed  in  the  nose  of  the  fuse- 
lage than  when  the  nose  of  the  fuselage  is  streamlined 
and  a  radiator  of  equivalent  cooling  capacity  is  placed 
in  an  unobstructed  position.  A  radiator  placed  in  the 
wing  increases,  in  general,  the  resistance,  or  drag,  of 
the  wing,  but  the  increase  is  not  large  and  there  may 
even  be  a  decrease  at  certain  angles  of  attack.  The 
radiator,  unless  shuttered,  will  inevitably  decrease  the 
lifting  power  of  the  wing. 

If  the  radiator  is  placed  in  the  slipstream,  the  head 
resistance  chargeable  to  it  is  probably  approximately 
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equal  to  what  it  would  be  if  the  propeller  could  be  re- 
moved and  the  airplane  driven  by  some  other  means  at 
such  a  speed  as  would  give  the  same  speed  of  air  rela- 
tive to  the  radiator.  If  this  is  true,  the  assumption  that 
the  speed  of  the  slipstream  relative  to  the  radiator  is 
from  20  to  26  per  cent  greater  than  the  flying  speed 
would  apply  to  head  resistance  as  well  as  it  does  to  air 
flow.  Since  head  resistance  varies  as  the  square  of  the 
speed,  an  increase  of  20  per  cent  in  speed  results  in  an 
increase  of  44  per  cent  in  resistance.  The  effect  of  the 
swirl  of  the  slipstream  is  similar  to  that  of  yawing  the 
radiator,  which  is  to  increase  the  head  resistance  for 
unobstructed  positions  and  for  positions  that  would  be 
unobstructed  but  for  the  propeller.  For  positions  that 
would  be  obstructed  without  the  propeller,  as  in  the 
nose  of  the  fuselage,  the  effect  of  the  swirl  of  the  slip- 
stream is  to  make  the  air  flow  somewhat  less  than  it 
would  be  if  there  were  no  swirl  and,  since  for  such  posi- 
tions the  head  resistance  chargeable  to  the  radiator  in- 
creases with  increased  air  flow,  the  effect  of  the  swirl 
probably  compensates  to  a  slight  extent  for  the  effect 
of  the  increased  speed  of  air  due  to  the  propeller. 

Power  Absorbed 

Since  in  this  paper  the  power  absorbed  is  reduced  to 
unit  frontal  area,  the  statements  apply  to  the  power  ab- 
sorbed by  a  given  radiator,  rather  than  to  the  power 
absorbed  in  cooling  a  given  engine.  The  power  absorbed 
is  composed  of  two  parts:  that  due  to  head  resistance 
and  that  due  to  weight.  Since  the  head  resi3tance  varies 
approximately  as  the  sauare  of  the  flying  speed,  and  the 
power  can  be  measured  by  the  product. of. a  force  and 
a  velocity,  the  power  absorbed  due  to  head  resistance 
varies  approximately  as  the  cube  of  the  speed.  Since, 
however,  the  weight  is  sustained  by  a  "lift"  on  the  wings, 
which  is  a  constant  and  equal  to  the  weight,  and  since 
this  is  accompanied  by  a  "drag''  that  is  proportional  to 
the  lift  for  a  given  angle  of  attack,  the  power  absorbed 
due  to  weight  is  more  nearly  proportional  to  the  first 
power  of  the  speed,  and  is  dependent  upon  the  lift/drag 
ratio  of  the  airplane.  The  power  absorbed  can  be  com- 
puted from  the  equation 


P  =  /f(ft+^)y,wher« 
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P  =  the  power  absorbed  in  horsepower  per  square  foot, 
or  kilowatts  per  square  meter,  of  frontal  area 

R  =  the  head  resistance  in  pounds  per  square  foot,  or 
kilograms  per  square  meter,  of  frontal  area 

w  =  the  weight  of  the  core  and  the  contained  water  in 
pounds  per  square  foot,  or  kilograms  per  square 
meter,  of  frontal  area 

r  =  the  lift/drag  ratio  of  the  airplane 

V  =  the  flying  speed  in  miles  per  hour,  or  meters  per 
second 

A;  =  a  conversion  factor  which  is  0.00267  for  the  Eng- 
lish units  and  0.00980  for  the  metric  units 

For  speeds  below  60  m.p.h.,  or  30  meters  per  sec.,  the 
weight  is  of  considerable  importance  in  comparison  with 
the  head  resistance,  but  as  the  speed  increases  it  be- 
comes relatively  less  important  and  for  speeds  as  high 
as  100  m.p.h.,  or  45  meters  per  sec.,  the  difference  in 
weight  between  one  radiator  and  ainother  is  of  but  small 
importance. 

The  figure  of  merit,  being  the  ratio  of  heat  transfer 
to  the  power  absorbed,  is  dependent  upon  all  the  factors 
that  influence  those  quantities.  It  decreases  with  in- 
crease of  speed,  falling  off  very  rapidly  at  the  lower 
speeds -and  but  slowly  at  the  high  speeds.  It  is  given 
by  the  equation 

jj 
p^  —  ,  where 
P 

F  =  the  figure  of  merit 

H  =  the  heat  transfer  and 

P  =  the  power  absorbed,  both  measured  in  the  same  units 

Special  Features  of  Core  Design 
For  unobstructed  positions  the  total  heat  transfer,  air 
flow,  head  resistance  and  power  absorbed  can  be  taken 
as  proportional  to  the  frontal  area  of  the  core,  with  small 
corrections  to  the  head  resistance  and  the  power  ab- 
sorbed values  on  account  of  headers  and  connections. 
The  figure  of  merit  is  of  course  independent  of  size, 
except  as  affected  by  these  corrections.  When  the  radi* 
ator  is  in  an  obstructed  position,  no  simple  statement 
can  be  made  in  regard  to  the  effect  of  its  size,  because 
the  influence  of  the  surrounding  parts  of  the  structure 
may  be  very  great.  This  is  discussed  later  under  the 
heading  Effects  of  Position  on  the  Airplane. 

Increasing  the  depth,  the  dimension  parallel  to  the 
direction  of  the  air  flow  of  a  particular  type  of  radiator 
increases  its  heat  transfer  for  a  given  air  flow  by  in- 
creasing the  aniount  of  cooling  surface,  but  the  added 
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surface  becomes  less  and  less  effective  as  the  depth  is 
increased,  on  account  of  the  rise  in  temperature  of  the 
air  in  its  passage  through  the  radiator  and  the  conse- 
quent decrease  in  temperature  difference  between  the  air 
and  the  water.  Furthermore,  the  resistance  to  air  flow 
increases  with  the  depth,  so  that  the  air  flow  falls  off 
for  a  given  flying  speed.  An  increase  in  depth  is  accom- 
panied by  an  increase  in  head  resistance,  weight  and 
power  absorbed,  but  at  the  smaller  depths  the  disadvan- 
tage of  the  increased  absorption  of  power  is  less  than 
the  advantage  of  the  increased  heat  transfer,  and  the 
figure  of  merit  rises  to  a  maximum  at  a  certain  depth 
which  varies  with  different  airplane  speeds. 

Estimates  based  on  empirical  equations  indicate  that 
the  most  eflicient  depths  for  certain  general  types  of 
radiators  are  given  in  Table  1. 

Table  I — Most  Efficient  Radiator  Depths  for  Un- 
obstructed Positions 

Type  of  Radiator  Airplane  Speed,    Depth, 

m.  p.  h.  in. 

^-in.  square  cell 


Flat  plate,  plates  about  ,V  in.  thick 
)^in.  pitch* 


Ji-in-  pitch* 


60 

5 

100 

8  to  10 

130 

9  to  13 

60 

8 

90 

10  to  12 

120 

12  to  15 

60 

6 

90 

7 

120 

7to   9 

'Measured  across  the  face  of  the  radiator,  from  center  to 
center  of  the  plates. 

The  change  in  the  figure  of  merit  with  any  change  in 
the  depth  is  much  less  rapid  at  high  than  at  low  speeds 
and,  if  considerations  of  construction  make  a  small 
frontal  area  very  desirable,  the  depth  can  be  considerably 
increased  over  the  optimum  value,  for  use  at  the  higher 
speeds,  without  greatly  reducing  the  efficiency. 

The  free  area  is  the  fractional  part  of  the  frontal 
area  of  the  core  that  is  open  for  the  passage  of  air.  For 
use  in  unobstructed  positions  a  large  free  area  is  de- 
sirable to  increase  the  air  flow  and  decrease  the  head 
resistance,  and  should  be  sacrificed  only  for  the  sake  of 
compactness  of  the  radiator.    Care  taken  in  making  the 


Digitized 


by  Google 


DESIGN  FACTORS  FOR  AIRPLANE  RADIATORS  601 

water  tubes  as  narrow  as  is  compatible  with  sufficient 
strength  and  space  for  water  flow  is  repaid  by  an  in- 
creased radiator  efficiency. 

For  use  in  unobstructed  positions,  it  is  important  that 
the  air  passages  should  be  straight  and  as  smooth  as  is 
practicable,  to  facilitate  the  air  flow  and  reduce  the  head 
resistance.  Projections,  indentations  and  holes  in  the  sides 
of  the  air  tubes  add  greatly  to  the  head  resistance  with- 
out causing  a  corresponding  increase  in  heat  transfer. 
The  slight  advantage  of  saving  in  metal  gained  by  punch- 
ing holes  in  the  indirect  cooling  surfaces  is  more  than  out- 
weighed by  an  increased  head  resistance  and  an  increase 
in  the  turbulence  of  the  air,  which,  although  it  might  be 
thought  to  increase  the  heat  transfer,  causes  such  a  re- 
duction in  the  air  flow  that  the  heat  transfer  for  a  given 
flying  speed  may  be  actually  reduced. 

In  general,  all  surfaces  past  which  air  flows  should  be 
continuous  from  the  front  to  the  rear  of  the  radiator,  to 
give  a  maximum  of  effective  cooling  surface  with  a  mini- 
mum air  resistance.  It  is  important  for  the  designer  to 
bear  in  mind  that  skin  friction  between  air  and  the  sur- 
faces past  which  it  flows  is  only  a  part  of  the  head  re- 
sistance, and  that  the  losses  at  the  entrance  and  the  exit 
of  the  air  tubes  are  very  great,  amounting  sometimes  to 
as  much  as  one-half  of  the  total  head  resistance.  Smooth- 
ness of  cooling  surfaces  is  desirable  and  reasonable  clean- 
ness of  surface  is  essential.  A  highly-polished  surface 
has  been  shown  to  dissipate  15  per  cent  more  heat  for 
given  conditions  of  air  flow  and  temperature  than  an  ordi- 
narily smooth  surface;  and  a  surface  lightly  smoked  has 
been  shown  to  dissipate  10  per  cent  less  heat  than  a  sur- 
face only  ordinarily  smooth  but  clean.  Corresponding 
but  less  noticeable  effects  have  been  observed  on  air  flow 
and  head  resistance,  and  it  is  clearly  shown  that  the  effi- 
ciency of  a  radiator  can  be  increased  by  polishing  the 
cooling  surfaces ;  but  if  the  surfaces  are  kept  reasonably 
clean,  the  differences  in  smoothness  between  surfaces 
usually  encountered  in  actual  practice  are  not  great 
enough  to  show  any  very  marked  difference  in  radiator 
performance. 

Measurements  of  temperature  and  pressure  in  the  air 
tubes  of  a  radiator  indicate  that  the  air  flow  is  turbulent, 
at  the  speeds  encountered  in  practice,  for  the  entire 
length  of  the  tubes.  If  a  radiator  of  cellular  type  is  to  be 
used  in  unobstructed  positions,  the  addition  of  spiral  vanes 
or  other  devices  which  might  be  thought  to  increase  tur- 
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bulence  is  detrimental  to  the  efficiency  of  the  radiator. 
Such  devices  may  appear  to  give  an  increased  heat  trans- 
fer for  a  given  air  flow  because  of  the  increase  in  th» 
amount  of  cooling  surface,  but  in  tests  of  a  large  number 
of  widely  differing  types  of  radiator  there  has  been  very 
little  indication  that  the  heat  transfer  per  unit  cooling 
surface  is  increased,  and  in  some  cases  it  is  decreased. 
If  a  comparison  is  made  at  a  definite  flying  speed,  the 
addition  of  turbulence  devices  greatly  reduces  the  air 
flow,  and  any  tendency  toward  an  increase  in  heat  trans- 
fer per  unit  frontal  area  is  often,  if  not  always,  overbal- 
anced by  the  effect  of  the  reduced  air  flow.  Turbulence 
devices  greatly  increase  head  resistance. 

The  indirect  cooling  surface  is  the  cooling  surface  not 
backed  by  flowing  water.  Indirect  surfaces,  or  "fins," 
can  be  used  to  good  advantage  if  proper  attention  is  given 
to  thermal. conductivity,  thermal  contact  between  the  in- 
direct surface  and  the  water-tube  walls  and  shortness  of 
the  distances  that  heat  must  be  conducted  through  the 
fins.  The  use  of  indirect  cooling  surface  amounts  to 
closing  a  water  tube  by  pressing  the  walls  close  together, 
or  to  substituting  a  single  sheet  of  metal  for  a  water  tube. 
The  advantages  are  in  saving  the  weight  of  water  con- 
tained in  the  tube  and,  in  the  latter  case,  the  weight  of 
one  wall,  while  allowing  relatively  large  free  area  of  core 
for  a  given  area  of  cooling  surface.  The  disadvantage 
arises  from  the  fact  that  heat  must  be  transferred  by 
metallic  conduction  for  a  distance  along  the  fins,  and  away 
from  the  water-tube  walls,  before  being  dissipated  from 
the  surface  to  the  air.  Since  heat  can  be  conducted  along 
the  fins  only  with  a  drop  in  temperature,  the  temperature 
difference  between  metal  and  air  is  less  for  fins  than  for 
direct  surface  and  decreases  with  distance  from  the 
sources  of  heat.  Not  only  is  thermal  conductivity  im- 
portant in  the  fins,  but  thermal  contact  between  the  fins 
and  the  water-tube  walls  is  very  important,  although  in 
many  types  of  radiator  it  appears  to  have  received  but 
little  attention.  Indirect  surfaces  may  touch  the  water- 
tube  walls  at  a  number  of  points  and  yet  make  very  poor 
thermal  contact.  They  should  be  soldered  to  the  water- 
tube  walls  at  every  practical  point,  except  where  the  metal 
of  the  fin  is  continuous  with  that  of  the  wall. 

If  the  efflciency  of  indirect  cooling  surface  is  defined 
as  the  ratio  of  its  rate  of  heat  transfer  to  that  of  an 
eaual  area  of  direct  surface  under  the  same  conditions 
of  temperature  and  air  flow,  then  for  the  type  of  indirect 
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surface  commonly  employed  in  square-cell  radiators, 
where  the  fin  is  continuous  with  the  water-tube  wall  on 
one  side  and  its  length  in  the  direction  parallel  to  the  wall 
is  large  in  comparison  with  its  width  in  the  direction  per- 
pendicular to  the  wall,  the  thickness  of  fin  that  will  result 
in  any  given  efficiency  is  directly  proportional  to  the 
square  of  the  width,  to  a  power  of  the  air  flow  that  is 
approximately  0.8,  and  inversely  proportional  to  the  con- 
ductivity of  the  metal  if  formed  by  folding  the  metal  over; 
the  thickness  of  the  fin  includes  both  thicknesses  of  metal. 
Table  2  shows  the  approximate  thicknesses  of  fin  that 
will  give  efficiencies  of  90  and  95  per  cent,  with  different 
widths.  This  table  is  computed  for  a  fin  long  in  the 
direction  parallel  to  the  tube  wall,  and  narrow,  of  rec- 
tangular form,  soldered  or  continuous  with  the  walls  on 
both  edges.  If  only  one  edge  is  in  good  contact,  the 
thickness  must  be  multiplied  by  4. 


Table  2. — Fin  Thickness  for  Different  Widths, 
Speeds  and  Efficiencies 


Copper 

Brass 

Efficiency,  per 
cent 

90 

A 

95 

A 

90 

95 

A 

Speed,  m.p.h. 

150 

60 

150 

60 

150 

60 

150 

60 

Width,  in. 
0.250 
0.375 
0.500 
1.000 

0.0017 
0.0039 
0.0069 
0.02S0 

0.0006 
0.0019 
0.0033 
0.0130 

0.0038 
0.0085 
0.0150 
0.0610 

0.0018 
0.0040 
0.0073 
0.0290 

0.0063 
0.0140 
0.0250 
0.0990 

0.0030 
0.0066 
0.0120 
0.0480 

0.013 
0.030 
0.053 
0.213 

0.0064 
0.0140 
0.0260 
0.1030 

If  one-half  of  the  cooling  surface  of  a  radiator  is  in- 
direct, with  an  efficiency  of  90  per  cent,  the  total  heat 
transfer  of  the  radiator  is  only  5  per  cent  less  than  it 
would  be  if  the  efficiency  of  the  indirect  surface  were 
100  per  cent. 

The  composition  of  the  metal  used  for  direct  cooling 
surface  backed  by  flowing  water  is  unimportant  from  the 
standpoint  of  heat  conduction,  since  almost  any  metal  will 
conduct  heat  through  the  thin  walls  of  the  water  tubes, 
with  very  little  drop  in  temperature,  as  rapidly  as  it  can 
be  dissipated  from  the  surface.  The  choice  of  metal 
should  be  based  upon  other  considerations  than  thermal 
conductivity.    For  indirect  cooling  surface,  however,  the 
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conductivity  of  the  metal  is  important,  as  is  shown  in 
Table  2. 

The  special  types  of  core  include  radiators  made  ol 
water  tubes  in  the  form  of  flat  hollow  plates  placed  edge- 
wise to  the  air  stream  and  with  no  indirect  cooling  sur- 
face. This  type  has  been  shown  to  be  markedly  superior 
in  respect  to  heat  dissipation  per  horsepower  absorbed, 
over  the  ordinary  types  of  cellular  radiator  for  use  in  un- 
obstructed positions  on  planes  flying  at  the  higher  speeds. 
The  mechanical  weakness  of  the  fiat-plate  type  is  an  in- 
herent disadvantage,  but  one  that  can  doubtless  be  over- 
come. Radiators  of  the  fin-and-tube  type  show  very  high 
head  resistance  and  low  air  flow;  for  this  reason  they  are 
unsuited  for  general  aeronautic  use. 

Tests  have  been  made  on  certain  special  types  of  core, 
made  with  water  tubes  deep  in  the  direction  of  air  flow, 
and  narrow,  placed  side  by  side,  one  behind  another,  with 
spaces  between  consecutive  rows  in  each  direction.  These 
types  produce  a  shrill  whistling  sound  when  in  an  air 
stream  of  more  than  about  30  m.p.h.,  or  15  meters  per 
sec.,  and  show  irregular  properties.  That  is,  the  air  flow 
through  the  core  is  not  proportional  to  the  flying  speed 
and.  the  head  resistance  is  not  proportional  to  the  square 
of  the  speed.  These  types  show  very  high  heat  transfer 
for  a  given  air  flow,  but  very  low  air  flow  for  a  given  fly- 
ing speed.  They  show  also  a  very  high  head  resistance, 
with  the  result  that  the  heat  transfer  for  a  given  flying 
speed  is  in  general  not  high  and  the  figure  of  merit  is 
very  low.  The  whistling  types  are  not  suitable  for  aero- 
nautic use. 

Effects  of  Position  on  the  Airplane 

The  important  effects  of  the  location  of  the  radiator 
on  the  airplane  have  already  been  stated  on  page  594. 
Such  quantitative  results  as  have  been  obtained  to  date 
are  given  there.  Attention  is  called  to  the  three  classes 
of  positions  already  defined.  The  unobstructed  positions 
have  the  following  advantages : 

(1)  Except  for  the  effects  of  the  slipstream,  the  air 
flow  through  the  core,  and  consequently  the  heat 
transfer,  are  greater  for  unobstructed  than  for 
obstructed  positions 

(2)  The  head  resistance  chargeable  to  the  radiator  is 
considerably  less  for  unobstructed  positions  than 
for  positions  in  the  nose  of  the  fuselage,  in  the 
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wing  or  inside  of  the  fuselage.  The  effect  of  the 
slipstream  is  to  increase  the  head  resistance  of  a 
radiator  that  would  otherwise  be  unobstructed 

(8)  Since  air  flow  is  greater  in  unobstructed  than  in 
obstructed  positions  and,  therefore,  heat  transfer 
per  unit  frontal  area  is  greater,  it  follows  that 
the  weight  of  a  radiator  may  be  less  for  a  given 
cooling  capacity  when  in  an  unobstructed  than 
when  in  an  obstructed  position 

(4)  With  reduction  both  in  weight  and  in  head  re- 
sistance chargeable  to  the  radiator,  the  power  ab- 
sorbed chargeable  to  the  radiator  is  reduced  by 
placing  the  radiator  in  an  unobstructed  position, 
rather  than  in  an  obstructed  position 

(6)  With  both  increase  in  heat  transfer  and  decrease 
in  power  absorbed,  the  figure  of  merit  of  an  un- 
obstructed radiator  is  considerably  greater  than 
that  of  the  same  type  of  radiator  in  an  obstructed 
position 

The  location  of  the  radiator  in  the  nose  of  the  fuselage 
is  objectionable  because  of  very  large  absorption  of  power 
for  a  given  cooling  capacity.  Not  only  is  the  resistance 
of  the  airplane  much  greater  with  a  nose  radiator  than 
with  the  nose  properly  streamlined  and  an  unobstructed 
radiator  of  equivalent  cooling  capacity  added,  but  the  air 
flow  through  the  core  is  so  low  that  with  engines  of  the 
higher  powers  it  becomes  necessary  to  enlarge  the 
fuselage  to  accommodate  a  nose  radiator  of  sufficient  size 
to  cool  the  engine. 

The  performance  of  a  radiator  in  the  wing  has  not  been 
thoroughly  investigated  because  of  experimental  difficul- 
ties, but  enough  data  are  available  to  show  that  the  air 
flow,  and  consequently  the  heat  transfer,  are  very  low  for 
a  given  flying  speed,  while  the  effect  on  the  wing  as  such 
can  only  be  detrimental. 

The  effect  of  the  propeller  slipstream  is  to  increase  to 
some  extent  the  air  flow  and  heat  transfer  of  the  radia- 
tor. No  specific  statement  can  yet  be  made  in  regard  to 
its  effect  on  the  head  resistance  of  radiators  in  obstructed 
positions. 

The  information  at  present  available  on  the  effects  of 
different  positions  on  the  airplane  points  to  the  following 
statements  regarding  the  types  of  core  suitable  for  differ- 
ent positions : 

(1)  For  unobstructed  positions,  the  radiator  should  be 
characterized  by  straight  smooth  air  passages  and 
low  head  resistance 
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(2)  For  positions  in  the  nose  of  the  fuselage,  the  head 
reflistance  chargeable  to  the  radiator  increases, 
for  a  given  frontal  area,  with  increase  in  air 
flow.  The  most  suitable  type  of  radiator  will  be 
one  that  gives  a  high  rate  of  heat  transfer  with 
a  low  air  flow.  This  consideration  leads  to  the 
use  of  a  compact  type  with  a  large  amount  of  cool- 
ing surface  per  unit  frontal  area  and,  since  the 
head  resistance  chargeable  to  the  radiator  does 
not  increase  with  the  head  resistance  of  the  core, 
cooling  surface  can  be  added,  even  in  the  form 
of  spiral  vanes  or  other  turbulence  devices,  with- 
out serious  detriment.  Whether  the  turbulence 
devices  really  increase  turbulence  and  thereby  in- 
crease the  heat  transfer  more  than  would  be  done 
by  an  equal  amount  of  straight  and  smooth  sur- 
face, is  a  question  that  needs  further  study 

(3)  For  positions  in  the  wing,  the  requirements  are 
probably  similar  to  those  for  positions  in  the  nose 
of  the  fuselage 

Flight  Control  of  Cooling  Capacity 

Among  the  more  important  methods  proposed  for  the 
control  of  the  cooling  capacity  of  the  radiator  in  flight 
are  the  following: 

(1)  The  use  of  detachable  sections  is  good  for  seasonal 

corrections  such  as  summer  and  winter  conditions, 
and  for  change  from  one  latitude  to  another 

(2)  The  construction  of  retractable  types  that  allow 

withdrawing  the  radiator  or  a  portion  of  it  into 
the  fuselage  when  its  full  cooling  capacity  is  not 
needed,  is  one  of  the  best  methods  of  control  from 
the  standpoint  of  heat  transfer  and  head  resist- 
ance. Only  the  portion  of  the  radiator  really  re- 
quired for  use  need  be  outside  of  the  fuselage 
where  it  will  affect  the  resistance  of  the  plane. 
Difiiculties  may  be  encountered,  however,  in  the 
design  of  the  fuselage  for  such  an  installation  of 
the  radiator 

(3)  Some  attempts  have  been  made  to  use  a  radiator 
pivoted  about  a  vertical  axis,  so  that  it  can  be 
swung  into  or  out  from  the  air  stream.  This 
method  is  unsatisfactory  because  when  the  radia- 
tor is  turned  about,  or  yawed,  on  a  vertical  axis, 
the  heat  transfer  is  increased  for  certain  angles 
while  the  head  resistance  is  also  gn^eatly  increased. 
This  method  not  only  fails  to  give  satisfactory 
control  of  cooling  capacity,  but  adds  greatly  to  the 
absorption  of  power 


Digitized 


by  Google 


DESIGN  FACTORS  FOR  AIRPLANE  RADIATORS  607 

(4)  If  the  fuselage  cannot  be  designed  to  accommodate 

a  retractable  radiator,  the  radiator  can  be  divided 
into  two  parts  and  the  two  halves  placed  on  oppo- 
site sides  of  the  fuselage.  This  gives  the  advan- 
tage of  an  unobstructed  position  and  allows  con- 
trol by  shutters  that  may  be  two  plates  for  each 
radiator,  hinged  at  the  side  of  the  fuselage,  to 
swing  out  and  mask  both  the  front  and  rear  faces 
to  any  desired  extent 

(5)  Shutters  of  the  window-blind  type  are  objection- 

able because  they  add  greatly  to  the  resistance  of 
the  radiator  when  closed,  and  their  effect  in  in- 
creasing head  resistance  and  decreasing  air  flow 
is  by  no  means  negligible  when  open 

(6)  Control  by  regulation  of  the  water  flow  has  been 
Suggested,  but  no  satisfactory  method  has  been 
proposed.  If  the  water  is  cut  off  from  a  part 
of  the  radiator,  that  part  is  likely  to  freeze  at 
great  altitudes  or  in  cold  weather;  while  a  change 
in  rate  of  flow  is  not  practicable  because,  with 
rates  commonly  used  in  practice,  the  heat  trans- 
fer is  practically  independent  of  the  rate  of  flow 

Altitude  Effects  on  Performance 

As  an  airplane  rises  to  great  altitudes,  the  decrease  in 
density  and  temperature  of  the  air  has  important  effects 
upon  the  performance  of  the  radiator.  The  reduction  in 
temperature  tends  to  increase  the  heat  transfer  in  pro- 
portion to  the  increase  in  mean-temperature  difference  be- 
tween the  water  in  the  radiator  and  the  air  through  which 
it  passes.  The  decrease  in  air  density  reduces  the  mass  of 
air  passing  through  the  radiator  for  a  given  flying  speed 
and  thus  tends  to  decrease  the  heat  transfer  by  an  amount 
corresponding,  but  not  proportional,  to  the  decrease  in 
density. 

Since  the  head  resistance  is  practically  proportional  to 
the  density  of  the  air,  the  effect  of  the  decrease  in  den- 
sity is  to  reduce  the  head  resistance  for  a  given  flying 
speed  by  an  amount  proportional  to  the  decrease  in  den- 
sity. The  combined  effect  of  density  and  temperature 
changes  due  to  changes  in  altitude  is  to  decrease  the  heat 
transfer  for  a  given  flying  speed,  but  the  head  resistance 
also  is  decreased  and  for  the  higher  speeds  the  flgure  of 
merit  is  in  general  somewhat  increased.  Estimates  of  prob- 
able densities  and  temperatures  at  altitude  can  be  made 
from  meteorological  data,  and  the  performance  of  a  given 
radiator  at  altitude  can  be  estimated  from  its  perform- 
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ance  at  ground  level  by  the  use  of  the  equations  already 
given  for  air  flow,  heat  transfer,  head  resistance,  power 
absorbed  and  flgure  of  merit. 

Regarding  the  effects  of  engine  and  plane  performance 
on  radiator  performance,  the  equation  already  given  can 
also  be  used,  with  the  aid  of  meteorological  data,  to  esti- 
mate the  performance  of  the  radiator  and  the  frontal  area 
required,  under  varying  conditions  such  as  the  maximum 
rate  of  climb  or  level  flight  at  all  altitudes,  if  enough  is 
known  about  the  performance  of  the  engine  and  of  the 
airplane  to  determine  the  flying  speed,  the  rate  at  which 
heat  must  be  dissipated  and  the  lift/drag  r^tio  of  the  air- 
plane, under  the  different  conditions. 


FLYING  AN  AIRPLANE  ENGINE  ON 
THE  GROUND 

By  S  W  Sparrow^ 

The  very  complete  laboratory  tests  of  airplane  en- 
gines at  ground  level  were  of  little  aid  in  predicting 
performance  with  the  reduced  air  pressures  and  tem- 
peratures met  in  flight.  On  the  other  hand,  it  was 
well-nigh  impossible  in  a  flight  test  to  carry  sufficient 
apparatus  to  measure  the  engine  performance  with 
anything  like  the  desired  completeness.  The  need 
clearly  was  to  bring  altitude  conditions  to  the  labora- 
tory where  adequate  experimental  apparatus  was  avail- 
able and,  to  make  this  possible,  the  altitude  chamber 
of  the  dynamometer  laboratory  at  the  Bureau  of 
Standards  was  constructed.  The  two  general  classes 
of  engine  testing  are  to  determine  how  good  an 
engine  is  and  how  it  can  be  improved,  the  latter  in- 
cluding research  and  development  work. 

Recent  standard  comparative  tests  between  an  His- 
pano-Suiza  and  a  Liberty  engine  were  made  to  provide 
a  reasonably  satisfactory  basis  for  predicting  an  en- 
gine's value  for  a  given  service  and  such  runs  were 
selected  as  seemed  most  properly  to  belong  to  a  pro- 
gram of  this  kind.  Four  general  classes  of  these  runs 
are  specified  and  the  test  results  are  given  in  a  series 
of  curve  charts  which  are  explained.  Altitude  and 
propeller-load  results  are  presented  in  charts  and  dis- 
cussed and  the  omission  of  temperature  runs  is  justi- 
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lied  to  a  certain  degree.  The  decrease  in  engine  power 
at  great  altitudes  is  considered  and,  in  conclusion,  the 
value  of  carrying  out  such  a  program  of  tests  upon  a 
large  number  of  engines  is  emphasized.  Knowing  that 
one  engine  is  better  than  some  other,  the  difference  be- 
tween them  furnishes  a  suggestion  at  least  as  to  where 
to  search  for  points  of  superiority. 

In  the  early  part  of  the  war  there  was  much  dissatis- 
faction with  the  existing  methods  of  testing  airplane 
engines.  The  very  complete  laboratory  tests  made  at 
ground  level  were  of  little  aid  in  predicting  performance 
with  the  reduced  air  pressures  and  temperatures  met  in 
flight.     On  the  other  hand,  it  was  well-nigh  impossible 
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in  a  flight  test  to  carry  sufficient  apparatus  to  measure 
the  engine  performance  with  anything  like  the  desired 
completeness.  The  need  was  clear;  it  was  to  bring  alti- 
tude conditions  to  the  laboratory  where  adequate  experi- 
mental apparatus  was  available;  in  other  words,  to  fly 
the  engine  on  the  ground.  To  make  this  possible,  the 
altitude  chamber  of  the  dynamometer  laboratory  at  the 
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This  by  no  means  implies  the  absence  of  a  definite  plan 
of  procedure  but  rather  recognizes  that  the  complet^'on 
of  one  step  is  necessary  to  determine  the  line  to  be  toi- 
lowed  in  subsequent  investigations.  Moreover,  this  class 
of  work  should  respond  quickly  to  each  need  of  the  in- 
dustry or,  better  yet,  it  should  anticipate  these  needs. 
Work  of  the  first  class,  on  the  contrary,  is  essentially 
dependent  upon  a  program  that  is  fairly  well  fixed.  It 
is  strictly  work  of  measurement,  comparing  the  perf orm- 
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ance  of  one  engine  with  that  of  another,  or  with  some 
predetermined  standard.  This  requires  decisions  as  to 
what  measurements  are  most  necessary,  what  standards 
are  most  suitable.  Nor  should  it  be  forgotten  that  a 
Government  laboratory  should  serve  the  industry  of  the 
whole  nation,  and  that  the  value  of  any  program  of  tests 
lies  in  the  degree  in  which  it  furnishes  the  information 
that  the  industry  requires.  It  is  to  call  attention  to  some 
of  these  requirements  that  this  paper  is  presented. 

Standard  Comparative  Engine  Tests 

Obviously,  comparative  tests  of  engines  may  be  as 
diverse  in  nature  as  are  the  questions  such  tests  seek  to 
answer.  It  should  be  possible,  however,  to  outline  a 
standard  program  which  will  provide  a  reasonably  satis- 
factory basis  for  predicting  the  engine's  value  for  a  given 
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These  include 

(1)  Full-power  runs  at  ground  altitude  over  speeds 
ranging  from  1200  to  2200  r.p.m. 

(2)  Full-power  runs  at  two  speeds  and  at  altitudes 
ranging  from  ground  level  to  25,000  ft. 

(3)  Propeller-load  runs  in  which  the  dynamometer  was 
adjusted  so  as  to  produce  approximately  the  same 
load  as  would  be  imposed  by  a  propeller  at  speeds 
ranging  from  about  the  half-load  speed  to  that  of 
full  load.  These  were  made  at  altitudes  of  5000, 
10,000  and  15,000  ft. 

(4)  Friction-horsepower  runs  in  which  the  engine  was 
driven  by  the  dynamometer.  These  were  made 
over  the  same  speed  range  as  the  first  series  and 
at  ground  level  and  an  altitude  of  15,000  ft. 
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To  the  engineer,  appreciative  of  the  value  of  essentially 
reproducing  service  conditions  in  test  work,  the  first 
series  of  observations  may  appear  ill  advised  in  that  it 
subjects  the  engine  to  conditions  unlikely  to  be  met  in 
practice.  Justification  for  the  full-power  ground  runs 
lies  in  the  ease  with  which  they  can  be  duplicated  with 
the  equipment  available  at  most  laboratories  and  flying 
fields.  This  test  then  serves  in  a  measure  as  representa- 
tive of  the  series  so  long  as  an  engine  can  repeat  its 
previous  performance  on  the  ground  it  is  likely  to  repeat 
its  previous  performance  at  altitude.  The  altitude  power 
runs  are  perhaps  the  most  important  of  all,  inasmuch  as 
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they  show  directly  the  effect  of  changes  in  altitude  upon 
the  full-load  performance  of  the  engine.  The  propeller 
load  shows  primarily  the  influence  of  carbureter  and 
inlet-manifold  characteristics  upon  fuel  consumption, 
while  the  friction  runs  give  information  necessary  in 
the  determination  of  mechanical  efficiency.  Some  of  the 
most  important  results  of  these  tests  are  presented  graph- 
ically in  the  accompanying  figures.  Since  results  and 
not  methods  are  of  vital  importance,  it  is  by  the  study 
of  these  results  that  the  value  of  the  foregoing  series 
of  tests  can  best  be  gaged. 

Curves  of  Test  Results 

Figs.  1  to  4  are  based  upon  the  ground  runs.  Their 
purpose  is  clear.  Expressing  it,  in  its  simplest  form,  the 
brake-horsepower  curve  tells  what  the  engine  can  do,  and 
the  fuel  consumption  curve  tells  the  price  it  exacts  for 
doing  it,  while  the  brake  mean-effective-pressure  curve 
furnishes  a  measure  of  performance  from  which  the  size 
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of  the  engine  has  been  eliminated.  Friction-horsepower 
measurements  show  the  power  expended  in  overcoming 
internal  friction  and  pumping  losses.  Adding  these  to  the 
brake  horsepower  gives  the  quantity  termed  indicated 
horsepower,  the  approximate  power  developed  in  the  en- 
gine cylinders.  This  measurement  often  explains  the 
superiority  of  one  engine  over  another,  although  it  is 
always  by  the  brake-horsepower  measurement  that  such 
superiority  is  first  determined.  In  Fig.  3  the  usual  efficien- 
cies are  given,  namely  thermal,  expressing  the  degree  to 
which  the  heat  energy  in  the  fuel  is  converted  into  brake 


0.010 


0.060  0.050  0.040 

Air  Density  in  Lb  Per  Cu.Ft 


•0.030 


Digitized 


by  Google 


FLYING  AN  AIRPLANE  ENGINE  ON   THE   GROUND 


617 


0.080 


ao7o  aoM  0.050  o.o4o 

Air  Den5i1>f  in  Lb.  P«r  Cu.Ft 
Pig.  9 


aou) 


horsepower;  mechanical,  giving  the  degree  with  which 
the  power  developed  in  the  cylinder  appears  as  brake 
horsepower,  and  volumetric,  the  pumping  eflSciency  of 
the  engine  in  drawing  in  its  charge.  A  complete  report 
of  a  test  of  this  sort  would  include  many  curves  omitted 
here,  since  they  serve  primarily  as  intermediate  steps  in 
locating  others.  Thus,  plots  of  pounds  of  fuel  per  hour 
and  pounds  of  air  per  hour  aid  in  locating  the  air-fuel 
ratio  curve  shown  on  Fig.  4.  Heat  balances  have  been 
plotted  with  brake  horsepower  as  a  base,  as  well  as  with 
the  conventional  base,  the  heat  in  the  fuel.  To  the  design- 
ing engineer,  the  former  method  is  of  advantage  in  that 
it  presents  the  heat  distribution  directly  in  terms  of 
brake  horsepower,  a  quantity  which  forms  the  starting 
point  for  much  of  his  design  work. 
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The  brake  horsepower  and  brake  mean-effective-pres- 
sure given  in  Fig.  1  have  been  converted  to  standard 
barometric  pressure  by  multiplying  the  original  values  by 
the  ratio  of  this  pressure  to  the  pressure  at  which  the 
tests  were  made.  To  avoid  making  corrections  for  tem- 
perature, whenever  possible  this  series  of  runs  should  be 
made  at  a  predetermined  temperature,  15  deg.  cent.  (59 
deg.  fahr.)  for  instance.  In  any  event,  a  record  of  the 
temperature  should  be  included  in  the  report.  Care 
should  also  be  taken  to  maintain  the  oil  and  jacket-water 
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temperatures  as  nearly  as  possible  the  same  during 
friction  as  during  the  power  runs.  The  importance  of 
this  and  of  recording  these  temperatures  was  made  evi- 
dent in  a  recent  test  where  lowering  the  jacket-water 
temperature  from  50  to  40  deg.  cent.  (122  to  104  deg. 
fahr.)  increased  the  frictional  losses  8  per  cent  with  one 
grade  of  oil  and  5  per  cent  with  another. 

Omission  of  Temperature  Runs 

Altitude  and  propeller-load  results  are  given  in  Figs. 
5  to  14.    Figs.  7  and  8  are  included  merely  to  show  how 
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the  observations  at  two  speeds  serve  as  checks  upon  each 
other  and  aid  in  locating  the  curves.  There  is  consider- 
able controversy  as  to  whether  results  should  be  plotted 
against  air  pressure,  air  density,  or  altitude.  Density 
seems  most  logical  since,  other  conditions  being  equal; 
it  is  the  weight  of  the  charge  that  determines  the  power. 
Unfortunately,  a  change  in  temperature  produces  a 
change  in  power,  whether  density  or  pressure  be  held 
constant.  This  discussion  is,  however,  of  secondary  im- 
portance, since  it  applies  only  to  the  expression  of  results 
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and  not  to  the  conditions  under  which  they  are  obtained. 
Much  more  pertinent  is  the  query  as  to  whether  or  not 
actual  conditions  shall  be  simulated  to  the  extent  of  low- 
ering the  carbureter  air  temperature  with  each  increase 
of  altitude.  Such  a  procedure  was  followed  in  these  two 
tests,  but  it  is  questionable  if  this  course  is  generally 
desirable.  Any  analysis  of  results  is  made  difficult  by 
the  fact  that  the  effects  of  changes  in  carbureter  air 
temperature  are  superimposed  upon  those  due  to  the 
changes  in  air  density.  Furthermore,  the  different  tem- 
perature for  each  altitude  makes  changes  from  a  pressure 
to  a  density  base  or  vice  versa  decidedly  cumbersome.  If 
it  be  decided  to  maintain  a  constant  carbureter  air  tem- 
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perature,  the  next  step  is  to  select  a  temperature.  Here 
again  a  considerable  departure  from  actual  conditions, 
namely,  making  the  observations  at  a  temperature  some- 
what above  0  deg.  cent.  (82  deg.  fahr.),  seems  justified. 
Lower  temperatures,  through  the  resulting  pooc  vaporiza- 
tion, freezing  of  carbureter  air  bleeds,  etc.,  persistently 
cause  erratic  engine  performance  and  uncertain  compari- 
sons. Rating  an  engine  upon  such  performance  seems 
hardly  fair,  since  it  is  usually  the  carburetion  that  is  at 
fault,  and  the  exact  nature  of  the  fault  is  difficult  to 
determine.  On.  the  other  hand,  it  may  be  pointed  out, 
with  good  reason,  that  it  is  decidedly  advantageous  to 
make  the  run  at  a  low  temperature  in  order  that  such 
troubles  may  be  appreciated,  even  though  the  value  of 
the  engine  comparison  suffers  in  consequence.  Perhaps 
the  best  solution  for  the  present  would  be  to  make  the 
runs  at  one  speed  at  the  high  carbureter  air  temperature 
and  the  other  speed  at  the  low  temperature,  in  both  cases 
maintaining  the  temperature  the  same  at  all  the  alti- 
tudes. It  is  possible  that  this  question  will  in  time 
disappear  through  a  generally  followed  tendency  to  pre- 
heat the  carbureter  air  to  a  point  above  this  troublesome 
range.  I  am  of  the  belief  that  the  gain  in  power  from 
the  use  of  air  at  extremely  low  temperatures  scarcely 
ever  compensates  for  the  uncertain  operation  that  usually 
ensues. 

The  foregoing  remarks  explain  to  a  certain  degree 
why  temperature  runs  have  been  omitted.  These  are 
made  for  the  purpose  of  finding  how  much  a  change  in 
carbureter  air  temperature  affects  engine  performance. 
This  requires  several  carbureter  settings  at  each  tem- 
perature as,  otherwise,  slight  changes  in  mixture  ratio 
will  produce  differences  in  performance  for  which  the 
temperature  change  is  by  no  means  responsible.  When 
an  engine  is  in  production,  one  of  the  type  should  be  sub- 
jected to  such  a  test,  but  the  running  time  required  is  so 
great  as  to  prohibit  its  inclusion  in  the  program  under 
consideration. 

Decrease  in  Power  at  Altitudes 

It  is  of  interest  to  note  in  Fig.  14  that  in  spite  of  the 
marked  differences  in  construction  between  the  Hispano- 
Suiza  and  the  Liberty  engines,  the  percentage  decrease 
in  both  brake  and  indicated  horsepower  is  the  same  for 
both  engines  at  altitudes  up  to  20,000  ft.  and  an  air 
llensity  0,040  ]^,  per  cu.  ft.    Above  this  altitude  the 
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carbureter  adjustment  was  inadequate,  so  that  the  curves 
are  influenced  by  the  over-rich  mixture  as  well  as  by  the 
density  change.  Carbureter  characteristics,  to  a  large  ex- 
tent, fix  the  form  of  the  propeller-load  curves  of  Fig.  13. 
Durability  tests,  analyses  of  weight  distribution,  inertia 
forces,  bearing  loads,  etc.,  have  been  omitted,  not  from 
any  failure  to  recognize  their  value  but  because  such 
work  is  not  dependent  upon  the  equipment  necessary  for 
altitude  tests.  It  can  be  done  at  any  time  and  at  almost 
any  laboratory.  That  these  tests  did  not  constitute  a 
serious  drain  upon  the  life  of  the  engines  is  evident  from 
the  fact  that  the  total  running  time  of  the  Liberty  engine 
was  about  11  hr.  and  that  of  the  Hispano-Suiza  about 
5  hr.    This  includes  the  "warming-up"  time. 

The  value  of  carrying  out  such  a  program  of  tests 
upon  a  large  number  of  engines  can  scarcely  be  overesti- 
mated. To  the  Government,  accurate  knowledge  of  the 
performance  of  such  powerplants  is  especially  valuable  in 
the  event  of  war.  To  the  manufacturer,  such  tests  always 
prove  an  incentive  to  better  design.  Nor  is  this  work 
without  its  value  to  the  research  engineer.  Knowing  that 
one  engine  is  better  than  another,  the  difference  between 
the  engines  furnishes  a  suggestion  at  least  as  to  where  to 
search  for  points  of  superiority.  Above  all,  it  must  not 
be  forgotten  that  in  laboratory  tests  engine  failures 
seldom  result  in  loss  of  life.  Surely  this  will  not  be  over- 
looked by  an  industry  which  has  owed  so  much  of  its  de- 
velopment to  the  fearlessness  of  its  pilots. 
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TRUCK  AND  TRACTOR  MEETING 

The  Truck  and  Tractor  Meeting  of  the  Society  held  at 
the  Hotel  La  Salle,  Chicago,  on  Jan.  28,  was  a  distinct 
success.  The  papers  presented  at  the  morning  and  after- 
noon sessions  held  closely  the  attention  of  the  members, 
of  whom  there  were  more  than  200  present. 

The  discussion  was  opened  with  a  statement  by  A.  H. 
Edgerton  on  the  Use  of  Aluminum  in  Decreasing  Un- 
sprung Weight  of  Motor  Trucks,  particularly  with  ref- 
erence to  wheels.  Following  this  GoL  L.  B.  Moody  of 
the  Ordnance  Department,  presented  a  paper  prepared 
by  Past-president  George  W.  Dunham  on  Artillery 
Motorization  as  Related  to  Caterpiller  Traction.  This 
paper  elicited  remarks  by  several  members,  the  principal 
point  of  interest  being  the  matter  of  the  best  policy  for 
the  Ordnance  Department  to  follow  in  securing  engines 
for  installation  in  ordnance  automotive  equipment;  that 
is,  whether  engines  produced  for  commercial  use 
should  be  used,  or  a  line  of  engines  of  the  various  powers 
needed  should  be  specially  designed  and  standardized  for 
the  Government  equipment  in  question.  Prof.  L.  W. 
Chase  of  the  University  of  Nebraska  described  in  con- 
nection with  his  paper  on  Tractor  Testing  from  the 
User's  Standpoint  the  special  testing  plant  and  field 
which  have  been  developed  by  a  board  of  engineers  under 
his  supervision  for  making  pulley  and  drawbar  horse- 
power tests  of  tractors  as  provided  for  in  Nebraska  by 
law.  The  testing  system  that  has  been  formulated  in- 
cludes the  use  of  a  towing  dynamometer  of  the  electric 
t3rp6- 

During  the  afternoon  session  a  valuable  and  compre- 
hensive amount  of  information  on  the  use  of  pneumatic 
tires  on  motor  trucks  of  various  capacities  was  given. 
S.  V.  Norton  presented  a  paper  entitled  Relation  of  Solid 
and  Pneumatic  Tires  to  Motor  Truck  Efficiency,  and  C. 
M.  McCreery  treated  the  Design  of  Pneumatic-Tired 
Trucks.  The  technical  sessions  were  concluded  by  the 
presentation  and  discussion  of  a  paper  by  C.  A.  Norman 
and  B.  Stockfleth  on  a  recent  tractor  engine  test  con- 
ducted by  them.  The  authors  each  discussed  features  of 
the  paper. 

The  dinner  held  in  the  evening,  with  over  600  present, 
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was  a  happy  occasion,  music  being  provided  by  the 
Apollo  Club.  President  J.  G.  Vincent  introduced  as 
toastmaster  of  the  evening  Fred  Glover,  who  spoke  di- 
rectly to  the  point  and  amused  the  members  greatly  by 
relating  briefly  his  experience  in  Washington  in  the 
Government  service  during  the  war.  The  members  were 
honored  by  the  presence  of  Major-General  Leonard  Wood, 
who  gave  a  short,  impressive  address.  E.  J.  Gittins,  chair- 
man of  the  tractor  and  threshing  machinery  division  of 
the  National  Implement  &  Vehicle  Association,  discussed 
in  an  illuminating  way  the  fundamental  points  involved 
in  power  farming. 

Supplementing  the  remarks  which  had  been  made  at- 
the  professional  session  in  the  morning  by  Col.  C.  L'H. 
Ruggles,  chief  of  technical  staff,  Ordnance  Department, 
Major-General  C.  C.  Williams,  chief  of  ordnance,  stated 
in  a  very  frank  and  straightforward  way  the  great  ne- 
cessities of  real  military  and  industrial  preparedness. 
He  covered  the  essential  points  of  the  policy  of  different 
nations  in  this  connection  and  endorsed  highly  the  serv- 
ice of  members  of  the  Society  and  of  its  Committee  in 
direct  work  and  cooperative  procedure  with  the  Ord- 
nance Department  in  connection  with  the  development, 
design  and  production  of  ordnance  automotive  equip- 
ment. 
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ADDRESSES  AT  THE  TRUCK 
AND  TRACTOR  DINNER 

The  speakers  at  the  dinner  held  in  connection  with  the 
Truck  and  Tractor  Meeting  of  the  Society  at  Chicago  on 
Jan.  28  included,  in  addition  to  Fred  L.  Glover  who  acted 
as  toastmaster,  Major-General  Leonard  A.  Wood,  U.  S.  A., 
commanding  the  Central  Department;  E.  J.  Gittins,  of 
the  National  Implement  and  Vehicle  Association,  and 
Major-General  C.  C.  Williams,  U.  S.  A,,  chief  or  ordnance. 
The  addresses  which  were  enthusiastically  received  are 
given,  substantially  in  full,  on  the  following  pages. 


ADDRESS  OF  MAJOR-GENERAL 
LEONARD  A  WOOD 

I  have  a  very  great  appreciation  of  what  the  automo- 
tive engineering  profession  is  doing.  I  remember  very 
well  being  with  the  French  and  German  armies  when  all 
Europe  was  on  the  verge  of  the  great  war  which  fol- 
lowed, and  I  was  particularly  struck  with  the  want  of 
any  kind  of  motor  transport.  People  were  talking  about 
it.  We  saw  here  and  there  some  queer  vehicles,  but  there 
was  no  motor  transport  to  speak  of.  There  were  some 
traction  trains,  but  they  were  hard  to  manage. 

A  year  later  we  had  what  we  called  mass  maneuvers. 
They  were  uncontrolled  maneuvers  covering  some  300  or 
400  miles.  I  borrowed  twelve  or  fifteen  motor  trucks. 
This  was  looked  upon  as  an  experiment.  But  when  we 
think  what  has  happened  in  the  past  few  years  and  what 
motor  transport  means  today,  we  realize  what  the  auto- 
motive engineers  have  done  for  transportation.  I  think 
none  of  us  realizes  what  the  automotive  engineers  will 
do  for  transportation.  They  are  going  ahead  by  leaps 
and  bounds  and  there  seems  to  be  no  limit  to  what  they 
will  do. 

One  thing  must  be  done  and  that  is  to  put  over  the 
good-roads  program  all  through  the  country.  We  have 
been  thinking  and  talking  about  a  system  of  national 
highways.  In  some  sections  they  are  really  under  con- 
struction, but  we  ought  to  put  all  the  influence  we  can  be- 
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hind  the  visions  of  those  national  highways  which  are  so 
important,  not  only  for  the  needs  of  peace  but  for  the 
needs  of  possible  war.  Those  hosts  of  lines  of  communi- 
cation,  those  lines  along  our  frontiers  and  the  great  con- 
necting lines,  when  they  are  built  and  roads  of  proper 
construction  are  ready,  our  task  will  be  larger  than  ever. 

I  hope  the  automotive  engineers  will  continue  their 
work  in  aviation ;  that  is,  on  the  engines  for  the  various 
types  of  airplane.  It  seems  to  me  that  we  are  rather 
dropping  back  in  that  at  a  time  when  we  ought  to  be 
going  ahead  and  going  ahead  hard.  We  ought  to  keep  up 
enough  flying  fields  all  over  the  country  and  try  to  push 
forward  general  training  and  development  in  aviation. 
No  man  can  be  an  aviator  long  and  we  must  always  have 
additional  aviators  developing.  We  need  the  best  pos- 
sible type  of  engine.  That  type,  I  feel  sure,  the  Amer- 
ican automotive  engineer  will  give  us.  I  think  we  want 
to  push  that  and  keep  it  going. 

I  want  to  suggest  and  urge  upon  you  that  you  do  aU 
you  can  to  keep  alive  a  reserve  corps  for  the  motor  trans- 
port and  a  reserve  corps  in  the  various  lines  of  the  auto- 
motive engineering  profession.  Automotive  engineers 
were  simply  invaluable  to  us  in  the  great  war  and 
will  be  invaluable  to  us  for  the  demands  of  peace.  We 
want  them  to  be  ready  to  meet  any  possible  emergency 
in  the  future.  We  must  maintain  the  splendid  motor- 
transport  organization  that  was  built  up  during  the  war; 
we  have  got  to  go  ahead  with  it.  We  want  to  organize 
the  automotive  part  of  our  national  resources  just  as  we 
organize  any  other.  If  we  ever  have  any  other  great 
emergency,  we  should  find  a  nation  organized  to  a  far 
greater  strength  than  before  as  a  result  of  the  lessons  of 
this  war.  The  fighting  line,  the  Army  and  Navy,  might 
be  compared  to  the  edge  of  a  heavy  knife-blade.  They 
are  the  cutting  destructive  force,  but  back  of  them  is  the 
great  mass  of  steel  which  gives  weight  and  rigidity  to 
the  edge,  the  organized  resources  of  a  nation,  replacing 
the  wastage  of  the  edge  and  giving  it  weight  to  drive  it 
home. 

While  that  is  true  in  war,  it  is  also  true  in  the  pursuits 
of  peace;  in  industry  and  the  building  up  of  commerce 
and  trade.  I  think  we  have  very  severe  competition 
ahead  of  us.  The  people  in  Europe  have  been  tr^nen- 
dously  knocked  about;  some  of  them,  notably  the  Grer- 
mans,  are  coming  out  very  lean  and  light  and  ready  for  a 
keen  commercial  struggle.    They  have  their  financial  dif- 
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ficulties  and  all  that,  but  it  is  well  to  remember  that  they 
have  learned  to  live  without  export  and  import.  They 
have  acquired  a  practical  thrift  habit  and  their  indus- 
tries, their  shops  and  their  factories  are  undisturbed. 
Competition  will  come.  We  must  build  up,  not  only  in 
the  automotive  but  in  every  other  line,  the  organization 
that  we  need  to  carry  on  our  part  in  the  big  world  pro- 
gram. We  must  build  up  an  intense  American  spirit,  ab- 
solutely American ;  not  selfish,  not  narrow,  but  American. 
Back  of  it  we  must  have  a  national  conscience,  which  will 
make  America  quickly  responsive  to  any  situation  which 
demands  our  assistance,  but  we  want  it  to  act  always  as 
America,  and  to  remember  that  the  mandate  which  we 
will  always  accept  cheerfully  is  the  mandate  which  comes 
from  the  conscience  of  the  American  people.  That  is  our 
mandate.  We  have  a  strong  mandate  now,  abroad.  It  is 
that  we,  with  the  money  and  wealth  that  have  come  to  us 
in  this  war,  do  our  full  share  in  alleviating  the  condi- 
tions of  distress  and  suffering  on  the  other  side.  There 
is  a  big  problem  over  there,  and  we  have  a  big  moral 
responsibility.  I  am  not  talking  now  of  armed  forces  in 
Europe,  or  of  intermingling  with  and  intruding  into  Euro- 
pean politics.  I  am  speaking  of  responding  to  that  one 
mandate  which  comes  more  and  more  to  all  of  us  as  the 
days  go  on,  and  that  is  the  mandate  to  put  these  suffer- 
ing people  on  their  feet,  with  food,  shelter  and  clothing. 
It  will  be  a  big  proposition,  but  the  bread  thus  thrown  on 
the  waters  will  come  back  to  us  in  many  ways.  We  can 
do  it  without  in  any  way  intermingling  with  their  affairs. 
I  wish  we  had  the  same  progressive  forces  throughout 
the  country  as  are  represented  by  the  Society  of  Auto- 
motive Engineers.  I  hope  you  will  push  forward  the  re- 
serve idea  for  motor  transport  and  do  everything  you 
can  to  standardize  production.  I  also  hope  that  you  will 
put  your  best  thought  into  the  development  of  aviation, 
not  necessarily  for  war,  but  for  those  commercial  usages 
to  which  it  will  without  doubt  soon  be  devoted  very 
largely. 

ADDRESS  OF  E  J  GITTINS 

I  assure  you  that  I  deem  it  a  privilege  to  be  in  this 
company.  I  will  not  presume  to  undertake  to  enlighten 
you  on  any  of  the  technical  questions  of  the  industry, 
for  I  am  not  an  engineer.  Any  discussion  of  agricul- 
ture must  necessarily  be  based  upon  fundamentals.  It 
is  a  fundamental  business.     It  is  the  background,  the 
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foundation,  of  all  human  activity.  Any  people  or  nation 
that  ignores  this  fact  will  not  advance  very  far.  The 
United  States  is  primarily  an  agricultural  country.  The 
vast  expanse  of  fertile  land  that  we  have  is  far  in  excess 
of  the  power  that  we  have  had  available  to  till  it  properly. 
This  has  furnished  the  incentive  for  inventive  develop- 
ment which  has  placed  our  country  in  a  class  by  itself 
among  all  the  nations  of  the  world  for  producing  crops 
with  the  minimum  of  human  labor. 

How  we  have  advanced  in  this  industry  is  illustrated 
in  a  paragraph  of  a  little  pamphlet  issued  by  the  Agri- 
cultural Publishers*  Association,  as  follows: 

In  1886  the  amount  of  human  labor  expended  in  grow- 
ing an  acre  of  com  was  183  hr.;  today  it  is  nineteen. 
In  1830  it  required  66  hr.  of  human  labor  to  grow  an 
acre  of  oats;  today  it  takes  6  hr.  Sixty  years  ago  the 
farmers  cradled  the  wheat  and  hauled  it  by  hand  to  the 
barn  and  then  threshed  it.  For  eiach  bushel  of  wheat 
harvested,  these  operations  required  183  min.;  one  man 
using  the  labor-saving  machines  now  found  on  the  farm 
can  do  the  same  work  in  10  min.  .With  a  combined 
reaper  and  thresher,  operated  by  steam  or  gasoline,  and 
a  gasoline  tractor  to  plow  and  fit  the  land,  less  than  3 
min.  of  human  labor  is  required  for  producing  a  bushel 
of  wheat. 

While  we  haVe  always  had  more  land  to  till  than  we 
have  had  labor  to  till  it  properly,  conditions  have  arisen 
in  the  last  few  years  that  have  created  an  emergency, 
and  reference  to  a  few  well-known  facts  will  I  think  illus- 
trate the  truth  of  this  statement.  In  the  ten  years  prior 
to  1915  our  immigration  into  this  country  was  something 
more  than  1,000,000  a  year.  In  the  last  four  years  the 
immigration  has  been  only  about  200,000  and  more  peo- 
ple have  been  going  out  of  the  country  than  coming  in. 
The  population  of  the  country  in  1860  was  about  31,000,- 
000,  of  whom  5,000,000  lived  in  cities,  less  than  20  per 
cent.  Even  as  late  as  1880  80  per  cent  of  our  people  lived 
on  farms.  Now  the  population  is  perhaps  105,000,000, 
with  only  -about  30  per  cent  living  upon  farms.  It  is  said 
that  8,000,000  people  have  moved  from  farms  into  the 
cities  since  1900.  Our  increase  in  population  since  1900 
is  more  than  20  per  cent,  but  our  crop  production  has 
increased  only  about  10  per  cent.  I  give  these  figures  to 
call  attention  to  the  rapid  change  that  has  been  going  on 
in  this  country  and  leading  up  to  the  farm  requirements 
of  the  present  day.    The  effect  of  this  great  change  in 
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the  relative  city  and  country  population  is  not  only  to 
curtail  production  of  food  products,  but  it  is,  in  my  opin- 
ion, one  of  the  principal  factors  in  the  present  high  cost 
of  living.  That,  in  turn,  is  a  principal  factor  in  the  pres- 
ent unrest  throughout  the  world,  an  unrest  that  is  even 
shaking  the  foundations  of  governments. 

The  progressive  activities  of  American  automotive  en- 
gineers have  met  the  situation  in  a  remarkable  degree, 
with  the  result  that  we  now  have  hundreds  of  thousands 
of  mechanical  machines  operating  upon  the  farms  as  sub- 
stitutes for  human  power.  Perhaps  the  greatest  and 
most  arduous  work  of  producing  crops  is  the  preparing 
of  the  soil  for  the  seed.  It  is  the  tractor  that  has  been 
developed  to  accomplish  that  work  with  the  minimum  of 
human  labor.  The  tractor  is  not  altogether  a  new  de- 
parture, as  some  seem  to  think.  Engines  have  been  used 
on  farms  for  fifty  or  sixty  years,  first  as  steam  portable 
engines,  then  as  steam  traction  engines.  Steam  traction 
engines  were  being  used  more  and  more  for  general  farm 
purposes,  but  about  the  time  they  had  been  developed  so 
that  they  were  practical  and  being  used  generally,  the  in- 
ternal-combustion engine  was  developed  to  a  practical 
stage  and  applied  in  the  place  of  steam  power.  Why  did 
it  take  the  place  of  steam  power?  Simply  because  it  re- 
placed more  men.  There  is  no  piece  of  machinery  any- 
where, I  believe,  that  is  subjected  to  such  continuous 
hard  work  and  under  such  fearfully  adverse  conditions 
as  farm  machines,  especially  tractors  that  must  work 
over  the  rough  and  dusty  lands.  I  believe  that  most 
manufacturers  do  not  fully  appreciate  this  fact  when 
first  commencing  to  build  their  product,  but  it  has  been 
borne  in  upon  them  with  the  result  that  changes  and 
improvements  have  been  made  continuously,  until  we  now 
have  practical  machines.  There  are  many  things  yet  to 
be  remedied.  The  industry  is  still  in  its  infancy.  Im- 
provements are  going  on  rapidly,  although  they  are  not 
so  evident  as  formerly. 

It  seems  to  me  that  the  question  of  shortage  of  human 
or  mechanical  power  for  the  farm  is  so  vital,  so  far- 
reaching,  that  it  should  enlist  the  attention  and  the  as- 
sistance of  even  the  Government.  The  evils,  or  the  short- 
comings, in  the  business  have  brought  about  regulatory 
legislation  such  as  has  been  passed  in  Nebraska,  and 
threaten  to  bring  about  more  State  legislation.  This 
legislation  should  be  welcomed,  but  it  should  be  uniform 
in  all  States.    That  is  the  reason  builders  favor  national 


Digitized 


by  Google 


632  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

rather  than  sectional  regulation.  The  subject  is  of  such 
importance,  the  question  of  production  of  crops  is  so  far- 
reaching,  that  our  national  legislators  should  have  per- 
sonal interest  in  the  question. 

Farming  is  a  hazardous  business  in  many  ways.  There 
are  many  risks  in  it,  more  than  in  most  other  enter- 
prises. The  land  must  be  tilled  properly  at  the  right 
season  of  the  year.  The  crops  must  be  taken  off  at  the 
proper  time  and  oftentimes  very  quickly  to  avoid  serious 
losses.  This  means  that  the  mechanical  power  which  dis- 
places the  human  power  must  be  dependable  to  be  avail- 
able when  required. 

The  one  thought  that  I  would  like  to  leave  with  you 
is  that  we  should  strive,  as  engineers  and  manufacturers, 
to  design  and  build  so  that  farm  power  machinery  will  be 
dependable.  We  should  also  recognize  the  fact  that  most 
farm  machinery  is  operated  by  inexperienced  people. 
Hence  it  should  be  as  near  100  per  cent  right  as  it  is 
possible  to  build  it. 

ADDRESS  OF  MAJOR-GENERAL 
C  C  WILLIAMS 

We  are  now  passing  into  a  new  era,  into  a  time  when 
we  must  really  make  plans  and  crystallize  the  expe- 
rience we  have  had  during  the  past  war,  so  as  to  make 
it  available  for  the  next  war,  because,  if  there  is  one 
sure  thing  ahead  of  us,  a  thing  that  is  just  as  sure  as 
death,  it  is  that  we  are  going  to  have  another  war. 

We  have  now  a  general  staff.  It  is  organized  for  the 
purpose  of  studying  world  conditions,  for  making  as- 
sumptions as  to  probable  enemies  and  for  working  out 
plans  of  campaign  both  offensive  and  defensive.  But 
when  a  plan  of  campaign,  either  offensive  or  defensive, 
has  been  made,  only  half  of  the  work  has  been  done. 
There  is  no  use  in  raising  an  army  of  a  million  or  sev- 
eral million  men  unless  we  can  equip  and  sustain  them 
in  the  field.  If  our  experience  in  this  war  has  taught  us 
anything,  it  is  that  we  should  take  the  plans  of  cam- 
paign that  are  prepared  by  our  general  staff  and  turn 
them  over  to  an  industrial  general  staff,  if  you  choose 
to  call  it  so.  This  industrial  staff  can  then  develop  the 
industrial  plans  that  will  be  necessary  in  order  that  the 
industries  of  the  country  may  be  put  in  operation  to  pro- 
duce with  the  least  delay  and  the  least  friction,  the  mate- 
rial that  is  required  to  sustain  the  troops  in  the  field. 
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In  a  way,  this  is  the  thought  that  is  back  of  the  Army's 
relations  with  this  Society.  You  have  been  extremely 
valuable  to  us  during  the  war.  We  want  to  maintain 
the  contacts  that  we  have  made  with  you.  We  want  you 
to  know  what  the  Army  problems  are,  what  they  will 
be  during  the  next  war,  or  any  war  that  our  general  staff 
may  make  plans  for.  We  want  your  assistance  in  work- 
ing out  our  problems  of  development,  design  and  pro- 
duction. 

The  war  that  has  just  closed  left  us,  of  course,  with 
many  more  unsolved  problems  than  there  were  in  the 
beginning;  that  is,  so  far  as  munitions  are  concerned. 
Mechanical  warfare  experienced  a  tremendous  .develop- 
ment; but  no  one  can  say  that  the  surface  is  very  much 
more  than  scratched.  We  want  to  keep  in  touch  with 
you  concerning  the  developments  that  we  foresee  and  to 
get  your  assistance  in  the  developmental  work,  which 
is  one  of  the  most  important  things  we  have. 

I  had  the  good  fortune  to  attend  your  1919  Summer 
Meeting  and  there  told  you  that  we  hoped  to  do  certain 
things  in  the  matter  of  getting  in  touch  with  you.  Some 
of  those  things  have  been  done  with  happy  results.  Your 
Society  has  appointed  a  committee  of  your  ablest  engi- 
neers to  work  with  us,  to  go  over  our  problems  with  us 
and  to  help  us  out  in  our  work.  That  is  already  started 
and  the  cooperation  between  the  Society  and  the  Ord- 
nance Department  is  all  that  we  can  desire.  We  look 
forward  to  maintaining  it  in  the  future.  It  will  require 
effort  on  the  part  of  all  of  us  to  do  so  because  we  cannot, 
in  all  probability,  put  out  many  orders.  Congress  prob- 
ably will  not  give  us  much  money.  We  hope  that  there 
will  be  some.  We  hope  that  we  will  have  a  chance  to 
put  a  large  proportion  of  our  appropriations  into  the 
industries,  because  it  is  only  by  manufacturing  the 
things  that  we  want  that  you  may  learn  how  to  manu- 
facture. 

The  man  who  is  commanding  troops  has  a  great  ad- 
vantage over  us  in  preparing.  He  can  get  his  regiments, 
brigades,  divisions,  army  corps  and  armies  and  can  in- 
augurate maneuvers  in  which  he  tries  out  his  various 
theories  as  to  how  troops  can  be  managed.  I  know  of  no 
way  in  which  you  can  so  maneuver  in  manufacturing  a 
16-in.  gun.    The  only  way  is  to  build  it. 

Insofar  as  I  am  personally  concerned,  I  am  opposed 
to  the  complete  manufacture  of  ordnance  material  in  the 
arsenals.  Unfortunately,  there  is  a  stronger  and  stronger 
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indication  in  that  direction.  Many  of  our  appropria- 
tions come  to  us  requiring  that  the  work  shall  be  done 
in  the  arsenals.  The  very  best  way,  the  best  solution  of 
the  -ordnance  material  manufacturing  problem,  in  my 
opinion,  is  the  German  solution,  in  which  every  agency 
of  the  Government  was  at  the  service  of  firms  like  Krupp 
and  Ehrhardt,  so  that  a  munitions  industry  was  built  up. 
Young  men  coming  out  of  the  German  technical  schools 
and  universities  could  go  to  Krupp  and  other  places  and 
find  a  career  of  honor  and  profit.  A  large  force  of 
trained  men  was  built  up,  factories  were  built;  in  fact, 
the  munitions  industry  was  a  going  concern.  The  value 
to  the  Germans  of  organizations  like  Krupp,  when  the 
German  nation  was  called  upon  to  make  its  great  effort, 
cannot  be  overestimated.  Unfortunately,  that  method 
cannot  be  followed  in  the  United  States.  The  very  best 
we  can  do  is  to  manufacture  at  Government  arsenals, 
with  all  the  encouragement  that  we  are  permitted  to 
give  to  private  industries. 

It  is  a  great  pleasure  for  me  and  for  the  officers  of 
the  Ordnance  Department  to  work  with  you.  We  hope 
that  in  the  years  to  come  this  good  relation  will  be  main- 
tained.   We  are  sure  that  it  will  be. 
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TRACTOR  TESTING  FROM  THE  USER'S 
STANDPOINT 

By  Leon  W  Chase^ 

To  test  tractors  for  results  valuable  to  the  user, 
the  reliability,  durability,  power,  economy  and  utility 
■  should  be  determined.  Standard  tests  measuring  trac- 
tor utility  and  reliability  are  impossible  practically  and 
durability  tests  would  be  an  extensive  project,  but 
tractor  and  engine-power  tests  and  tests  of  the  amount 
of  fuel  required  for  doing  a  unit  of  work  can  easily  be 
made. 

The  University  of  Nebraska  tests  described  were  for 
belt  and  drawbar  horsepower  and  miscellaneous  testing 
for  special  cases.  The  four  brake-horsepower  tests 
adopted  are  stated.  Tractor  operating  conditions  are 
then  reviewed.  The  drawbar  horsepower  tests  include 
a  10-hr.  test  at  the  rated  load  of  the  tractor,  with  the 
governor  set  as  in  the  first  brake-horsepower  test,  and 
a  series  of  short  runs  with  the  load  increased  for  each 
until  the  engine  is  overloaded  or  the  clrive  wheel  slips 
excessively,  to  determine  the  maximum  engine  horse- 
power. 

The  special  testing  course  devised  and  constructed  is 
described  and  the  plans  for  absorbing  the  power  of  the 
tractor  stated.  In  this  connection  the  Nebraska  dyna- 
mometer car  which  was  developed  for  work  at  the 
University  is  described  and  its  operation  explained. 

Two  general  plans  might  be  inaugurated  in  testing 
tractors;  one  has  for  its  foundation  the  design  of 
tractors,  the  other,  their  use.  Testing  tractors  to 
obtain  the  information  desired  in  their  design  necessi- 
tates testing  for  friction  losses  in  the  bearings,  the 
gears  and  the  entire  transmission;  for  heat  losses 
through  the  cylinder  walls  and  the  pistons,  past  the 
rings  and  through  the  exhaust  gases  and  for  informa- 
tion relative  to  valve  openings,  sizes,  timings,  stems,  etc. 
An  unlimited  amount  of  testing  can  be  done  on  tractor 
engines  to  aid  the  designer.  To  test  tractors  and  obtain 
results  that  will  be  of  value  to  the  user,  a  test  should 
be  inaugurated  that  determines  the  reliability,  the 
durability,  the  power,  the  economy  and  the  utility  of 


>  ProfoBSor  of  agricultural  enffineering.  University  of  Nebraska. 
Lincoln,  Neb. 

685 

Digitized  by  VjOOQ IC 


636  THE  SOCIETY  OP  AUTOMOTIVE  ENGINEERS 

the  tractor.  It  is  practically  impossible  to  devise  tests 
which  can  be  standardized  and  will  measure  tractor 
utility  and  reliability,  and  it  would  be  a  very  extensive 
project  to  devise  tests  that  would  determine  its  dura- 
bility. However,  tests  can  very  easily  be  made  that 
will  determine  the  power  of  a  tractor  and  its  engine 
and  the  amount  of  fuel  required  for  doing  a  unit  of 
work. 

University  op  Nebraska  Tests 

In  devising  means  for  testing  tractors  in  compliance 
with  the  State  law  requiring  the  University  of  Nebraska 
to  test  one  model  of  each  tractor  sold  in  the  State,  the 
Board  of  Engineers  has  endeavored  to  devise  a  measur- 
ing unit  that  is  standard  for  all  tractors  under  all 
conditions,  one  that  is  exact  and  which  eliminates  the 
human  equation.  These  have  been  divided  into  two 
general  classes,  belt  horsepower  and  drawbar  horsepower 
tests.  In  addition,  there  is  a  miscellaneous  test,  to  be 
used  only  in  special  cases.  In  preparing  the  rules  and 
the  apparatus  for  making  these  tests,  the  board  kept 
two  principal  points  in  mind.  One  was  to  devise  ap- 
paratus and  means  for  eliminating  the  human  element; 
the  other  was  to  devise  a  standard  means  of  testing  each 
tractor  which  measured  them  all  with  the  same  unit. 
In  other  words,  it  endeavored  to  devise  a  kind  of  yard- 
stick such  that  a  tractor  manufacturer  could  compare 
his  machine  with  it  so  that  if  the  tractor  did  not 
measure  up  to  this  standard  he  would  believe  that  it  was 
the  fault  of  the  tractor  and  not  of  the  yardstick. 

After  considering  that  the  manufacturer  might  de- 
sire to  have  his  engine  tested  for  the  power  it  would 
deliver  at  the  crankshaft,  that  it  would  be  impossible 
to  make  such  a  test  without  removing  the  entire  engine 
from  the  tractor  because  many  machines  have  no  means 
for  connecting  the  crankshaft  to  any  power-driven 
machine  that  could  be  made  perfect  and  that  many 
engines  delivered  their  power  to  the  belt  through  gears, 
it  was  decided  that  the  most  just  and  practical  scheme 
for  measuring  the  horsepower  was  to  take  the  power 
delivered  by  the  belt  to  the  brake.  This  ruling  of 
course  complies  with  the  Nebraska  law,  for  it  measures 
the  power  delivered  by  the  engine  to  the  machine  the 
farmer  contemplates  driving. 

After  carefully  considering  the  various  types  of  prony, 
hydraulic  and  electric  brakes,  the  last  was  decided  upon 
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because  of  its  ease  of  manipulation,  uniformity  of  opera- 
tion and  accuracy. 

Four  brake  horsepower  tests  have  been  adopted  for  the 
Nebraska  tests.  They  are,  (a)  a  test  at  the  rated  load 
and  speed  for  2  hr.;  (b)  a  test  with  load  varying  from 
a  maximum  to  no  load  with  all  adjustments  as  in  the 
previous  test  to  show  fuel  consumption  under  varying 
loads  and  also  speed  control  under  similar  conditions; 
(c)  a  test  under  the  maximum  load  with  the  governor 
set  as  in  the  first  test,  but  during  which  the  carbureter 
can  be  adjusted  to  give  its  maximum  power,  and  (d)  a 
test  at  one-half  load  with  the  governor  set  as  in  the 
first  test  but  with  the  carbureter  adjusted  for  the  most 
economical  operation  at  this    load. 

Tractor  Operating  Conditions 

Before  describing  the  apparatus  for  making  the  draw^ 
bar  horsepower  tests,  a  discussion  of  the  field  conditions 
under  which  the  tractor  operates  will  be  presented.  To 
those  who  have  not  followed  tractors  while  at  work,  it 
would  seem  an  easy  matter  to  test  the  machines  when 
nulling  plows.  However,  the  conditions  under  which 
plows  are  used  are  so  variable  that  no  standard  meas- 
uring unit  could  be  devised;  furthermore,  it  would  not 
be  practical  to  do  such  extensive  field  testing  work. 
It  does  not  seem  possible  to  find  two  fields  or,  for  that 
matter,  a  dozen  furrows  in  a  single  field  which  »will 
require  the  same  draft  and  which  will  offer  the  same 
footing  for  a  tractor.  For  instance,  in  some  tests  made 
by  the  University  of  Nebraska  in  one  of  the  very  level 
and  apparently  uniform  fields  of  the  State  and  with  the 
same  engine  and  the  same  plows  set  at  the  same  depth, 
the  draft  was  4.54  lb.  per  sq.  in.  in  one  soil  and  in  an  ad- 
joining soil  5.49  lb.  per  sq.  in.  of  furrow  section,  a  dif- 
ference of  21  per  cent.  In  another  field  and  with  another 
tractor  and  another  plow,  the  draft  was  8.73  lb.  per 
sq.  in.  in  one  soil  and  in  the  adjoining  soil  it  was  9.59 
lb,  per  sq.  in.  of  furrow  section,  a  difference  of  10  per 
cent. 

These  figures  only  indicate  the  difference  in  the  draft 
of  the  plow  and  do  not  in  any  way  show  the  difference 
in  the  energy  required  to  move  the  tractor  over  the 
ground.  For  instance,  in  a  good,  hard  stubble  field, 
the  tractor  moves  over  the  ground  with  a  minimum 
amount  of  energy.  Under  such  conditions  the  tractor 
should  develop  an  ideal  amount  of  horsepower  on  the 
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drawbar,  while  in  another  field  or  while  in  the  same 
field  a  few  days  after  a  rain  when  the  soil  is  in  good 
plowing  condition,  the  ground  would  be  so  soft  that  the 
tractor  would  expend  a  large  proportion  of  its  energy  in 
moving  itself  across  the  field.  At  the  same  time  the 
ground  might  be  sufficiently  soft  so  that  the  plows 
would  not  require  a  great  amount  of  energy  to  draw 
them  through  the  soil.  Under  such  conditions  it  is 
apparent  that  the  tractor  would  be  working  at  a  great 
disadvantage,  for  a  large  percentage  of  the  engine  power 
would  be  devoted  to  moving  the  powerplant  across  the 
field  and  not  to  plowing  the  soil. 

Another  consideration  disclosing  at  once  the  imprac- 
ticability of  testing  tractors  under  field  conditions  is  the 
fact  that,  due  to  climatic  conditions,  tractors  must  be 
tested  in  the  same  field  having  the  same  soil  throughout 
and  by  the  same  operators.  This  would  of  course  be 
impossible,  for  about  265  different  tractors  are  being 
manufactured  in  the  United  States.  Should  these 
tractors  average  10  acres  per  day,  approximately  2650 
acres  of  land  identical  in  composition,  moisture  and 
topography  and  sufiicient  apparatus  and  engineers  to 
make  all  tests  in  one  day  would  be  required. 

Drawbab  Horsepower  Tests 

Some  manufacturers  have  felt  that  their  tractors 
should  not  be  tested  for  drawbar  horsepower  but  for  the 
number  of  plows  or  plow-disks  they  could  draw,  or  by 
the  size  of  the  ensilage  cutter,  corn  sheller  or  threshing 
machine  they  could  drive.  At  first  thought,  this  might 
be  satisfactory  from  the  farmers'  standpoint  but,  be- 
cause plows  have  such  different  drafts  and  ensilage 
cutters,  cream  separators,  corn  shellers  and  wood  saws 
require  such  a  varied  amount  of  power  to  drive  them, 
no  exact  comparison  could  be  made.  Horsepower  is 
about  the  only  legal  unit  for  measuring  power  and  for 
this  reason  it  would  seem  advisable,  if  possible,  to 
measure  the  drawbar  horsepower  of  all  these  engines 
with  the  standard  unit.  To  do  this  the  board  devised 
the  apparatus  described  below  which  has  been  tried  out 
in  several  preliminary  tests,  is  now  ready  for  official 
tractor  testing  and  will  be  so  used  as  soon  as  the  sunmier 
season  begins. 

The  drawbar  horsepower  tests  decided  upon  by  the 
board  are  only  two  in  number.  One  is  a  10-hr.  test  at 
the  rated  load  of  the  tractor  to  be  made  with  the  gov- 


Digitized 


by  Google 


TRACTOR  TESTING  FROM    USER'S  STANDPOINT  639 

emor  set  as  in  the  first  brake-horsepower  test  and  other 
tests  already  mentioned.  This  will  show  whether  the 
tractor  will  or  will  not  continuously  carry  its  rated 
drawbar  load  on  drawbar  work.  The  other  test  is  to 
determine  the  maximum  horsepower  of  the  engine.  This 
will  consist  of  a  series  of  short  runs  with  the  load  in- 
creased for  each  run  until  the  engine  is  overloaded  or 
the  drive  wheel  slips  excessively. 

It  may  also  be  well  to  give  consideration  here  to 
other  apparatus  that  was  studied  while  determining  the 
rules  for  testing.  One  piece  that  was  given  very  careful 
consideration,  and  for  which  the  Agricultural  Engineer- 
ing Building  was  planned  is  that  consisting  of  large 
drums  mounted  upon  pedestals,  upon  which  the  tractor 
wheels  could  be  placed  and  held  in  position.  The  tractor, 
while  driving  through  its  own  wheels,  would  in  turn 
revolve  the  drum  and  brakes  which  were  to  be  used  to 
absorb  this  power.  To  measure  the  tractive  effort  a 
recording  scale  or  dynamometer  was  to  be  placed  behind 
the  tractor.  Such  a.  scheme  of  testing  would  measure 
the  efficiency  of  the  gears  and  the  economy  and  power 
of  the  engine.  However,  it  would  not  indicate  the 
power  of  the  tractor  because  the  plant  would  not  be 
moving  through  the  field  and  no  energy  would  be  re- 
quired to  drive  the  front  wheels.  It  would  be  ideal  for 
the  tractor  as  there  would  be  very  little  slippage  be- 
tween the  tractor  wheels  and  the  surface  of  the  drum. 
It  was  decided  that  this  device  would  make  an  excellent 
apparatus  for  laboratory  tests  but  that  it  would  be  of 
no  value  in  measuring  the  power  that  the  tractor  would 
deliver  to  the  machines  which  would  be  used  by  the 
farmer. 

Another  and  similar  scheme  considered  was  to  jack 
up  the  rear  end  of  the  tractor  and  bolt  drums  to  the 
drive  wheels  which  would  absorb  the  power  in  a  manner 
similar  to  that  of  the  apparatus  previously  described. 
However,  this  scheme  was  abandoned  for  the  same  reason 
given  in  that  case. 

The  Testing  Course  and  Car 

It  would  seem  that  about  the  only  plan  that  can  be 
devised  for  measuring  the  power  delivered  to  the  draw- 
bar of  a  traction  engine  in  the  field  is  some  form  of 
standard  field  condition.  This  is  practically  what  was 
worked  out  by  the  board.    The  field  where  the  tests  will 
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be  made  consists  of  a  'V2-mile  roadway  similar  to  a 
race  course.  However,  the  surface  of  this  tractor  course 
is  composed  of  about  six  parts  of  cinders  and  two  parts 
of  loamy  clay.  It  was  at  first  thought  that  the  cinders 
alone  would  make  an  excellent  surface  which  could  be 
held  at  a  uniform  consistency.  However,  after  the 
cinders  had  been  placed  on  the  course  and  tractors  had 
been  driven  over  them  for  a  week  or  10  days,  it  was 
found  that  they  did  not  bind  sufiiciently,  so  the  cinders 
were  plowed  up  and  with  them  about  2  in.  of  the  soil 
beneath.  This  mixture  was  very  thoroughly  pulverized  . 
with  disks  and  alfalfa  renovators,  then  it  was  packed 
down  and  after  about  a  week's  trial  was  found  to  give 
very  satisfactory  results.  It  can  be  kept  of  uniform 
consistency  by  the  use  of  sprinklers  and  rollers  during 
the  hot,  dry  season,  and  the  rainy  seasons  would  of 
course  keep  the  track  soft  and  not  too  compact.  Before 
the  winter  season  began  and  after  this  course  has  been 
driven  over  by  two  or  three  tractors  continually  for  about 
10  days,  the  track  was  then  in  a  somewhat  pliable 
condition  and  very  much  resembled  a  stubble  field  when 
in  normal  condition  for  plowing. 

The  board  of  engineers  spent  considerable  time  work- 
ing out  some  plan  for  absorbing  the  power  of  the  tractor 
on   this   cinder  course.     Stone-boats  were   considered, 
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but  it  was  felt  that  they  would  not  keep  the  engine  load 
constant.  Dead  tractors  were  then  considered,  but  here 
again  the  difficulty  entered  of  maintaining  a  constant 
load  on  the  engine  under  test.  Finally,  the  idea  was 
conceived  of  removing  the  engine,  the  tank  and  the 
radiator  from  the  traction  engine  and  inserting  in  their 
place  an  electric  generator  with  the  necessary  resistance 
for  absorbing  the  energy  it  developed,  and  a  design  was 
then  worked  up. 

This  piece  of  apparatus,  including  the  traction 
dynamometer,  is  known  as  the  Nebraska  dynamometer 
car.  It  is  composed  of  an  Illinois  tractor  chassis  with 
a  Foote  transmission,  an  electric  dynamometer  placed 
in  the  frame  in  place  of  the  engine  and  an  electrical 
resistance  substituted  for  the  radiator.  Between  this 
chassis  and  the  tractor  to  be  tested  a  Gulley  dynamometer 
with  a  rebuilt  frame  for  carrying  the  driving  wheels 
was  placed.  Where  the  engine  cab  is  ordinarily  located 
there  is  now  a  place  for  the  operator  of  the  dynamometer 


the  Gulley  dynamometer  and  the  storage  batteries  for 
the  generator  and  the  electric  lighting  outfit  complete 
the  equipment.  To  avoid  any  danger  that  this  outfit 
will  rear  up  at  the  front  end  the  tractor  is  drawn 
backward.  The  direction  of  energy  is  thus  put  into  the 
gears  in  the  same  way  as  was  designed  for  the  tractor 
when  driven  by  its  engine. 

This  apparatus  has  performed  better  in  all  prelimin- 
ary tests  than  was  thought  possible  when  it  was  first 
designed;  the  only  point  now  in  doubt  about  its  perfect 
success  is  that  it  requires  a  little  more  power  to  draw 
it  over  the  cinder  course  than  was  contemplated. 
Whether  or  not  the  car  will  require  too  much  power  for 
the  small  tractor,  is  still  a  question  at  this  time.  How- 
ever, it  is  believed  that  the  gears  will  soon  "limber  up" 
and  thus  the  apparatus  will  draw  easier.  One  interesting 
element  already  noticed  in  the  use  of  this  dynamometer 
is  that  slippage  of  the  wheels  can  be  detected.  This  is 
because  the  record  on  the  dynamometer  recording 
mechanism  shows  a  line  almost  perfectly  straight  when 
the  tractor  and  the  dynamometer  car  both  have  smooth 
wheels  and  neither  unit  is  slipping.  However,  when  the 
lugs  are  placed  on  either  the  tractor  or  the  dynamometer 
car  or  both  the  line  is  very  wavy,  and  when  the  load  on 
the  tractor  and  on  the  dynamometer  car  is  sufficiently 
great  to  cause  slippage,  the  line  is  made  up  wholly  of 
zig-zag  marks.  Because  of  this  condition  the  operators 
of  the  dynamometer  car  will  have  a  directly  visible 
indication  when  either  the  tractor  under  test  or  the 
dynamometer  car  itself  is  slipping. 

All  of  this  apparatus  can  be  bought  in  the  open  market 
and  this  cinder  course  can  be  duplicated  anywhere  in 
the  United  States,  so  that  this  combined  plant  makes  an 
admirable  piece  of  apparatus  for  testing  tractors. 
Other  plants  can  be  installed  and  a  comparison  of  the 
results  at  the  various  plants  can  be  readily  made.  * 

The  University  of  Nebraska  has  already  spent  some 
$30,000  for  this  apparatus  and  for  a  building  in  which 
a  large  portion  of  the  tractors  will  be  tested.  Test 
work  next  spring  will  decide  whether  or  not  we  have 
erred  in  our  design.  However,  it  is  believed  that  the 
apparatus  will  work  out  admirably  and  that  the  results 
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practicable  and  of  sufficient  value  to  tractor  manufac- 
turers so  that  they  will  duplicate  and  use  it  at  their 
plants.  The  University  of  Nebraska  will  be  very  glad  to 
furnish  complete  drawings  and  specifications  to  anyone 
desiring  to  make  a  study  of  this  apparatus  and  its  use. 

THE    DISCUSSION 

E.  A.  Johnston: — I  am  familiar  with  Professor 
Chase's  operations  and  believe  that  his  plan  of  testing 
tractors  will  prove  very  satisfactory  and  be  adopted  gen- 
erally. Several  States  are  considering  laws  to  protect  the 
farmers  and  others  have  enacted  such  legislation.  I  be- 
lieve in  this  and  that  if  the  prominent  tractor  manufac- 
turers would  cooperate  by  testing  their  tractors  practi- 
cally and  adopt  a  standard  method  of  rating,  similar  to 
the  one  adopted  by  Professor  Chase,  this  would  forestall 
much  of  the  undesirable  proposed  legislation.  I  hope 
that  all  who  are  interested  in  the  future  of  the  tractor 
business  will  cooperate  to  secure  a  standard  method  of 
rating  tractors. 

D.  Baker,  Jr.  : — Recently,  a  manufacturer  gave  no 
tractor  rating  and  said  he  was  awaiting  a  test  by  the 
State  of  Nebraska.  Can  a  manufacturer  advertise  his 
tractor  ratings,  after  testing,  as  certified  by  this  State? 

Prop.  L.  W.  Chase: — The  Nebraska  Legislature  ap- 
propriated no  funds  for  this  tractor  testing.  The  regents 
of  the  University  of  Nebraska  supplied  the  money  for 
the  first  year's  work.  As  a  result,  we  can  test  any 
tractor  independently  of  the  Nebraska  tractor  law.  If 
any  manufacturer  should  desire  such  a  test, 'or,  if  we 
should  desire  to  make  any  test  for  the  manufacturer 
with  his  approval,  such  tests  can  be  made  on  this  appa- 
ratus independently  of  this  law  and  the  results  may  or 
may  not  be  published,  depending  upon  the  arrangements 
made  with  the  University  of  Nebraska.  Relative  to  the 
official  tests  we  are  required  to  make  and  with  which  the 
tractor  manufacturers  are  required  to  comply  before  they 
can  sell  tractors  in  Nebraska,  the  law  says : 

The  report  of  the  official  tests  shall  be  posted  in  the 
agricultural  engineering  department  of  the  University 
and  in  such  other  places  as  may  be  designated  by  it. 
The  same  shall  be  incorporated  in  the  annual  report 
of  the  State  Railway  Commission,  provided  that  no  trac- 
tor company  shall  use  the  results  of  said  tests  in  such 
manner  as  would  cause  it  to  appear  that  the  State 
university  recommended  the  use  of  any  particular  model 
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of  tractor,  in  preference  to  any  other  type  or  modeL 
It  will  be  unlawful  for  anyone  to  publish  such  extracts 
without  publishing  the  entire  report. 

A.  B.  Browne: — I  have  done  much  drawbar  testing  on 
drums  but  I  believe  that  method  would  scarcely  be  appli- 
cable to  tractor  testing. 

Prof.  Chase: — Professor  Chatburn,  of  the  University 
of  Nebraska,  has  done  considerable  work  along  this  line 
as  it  applies  to  highways. 


ARTILLERY  MOTORIZATION 

By  George  W  Dunham^ 

Motorization,  as  developed  during  the  war,  is  stated 
as  the  greatest  single  advance  in  military  engineering 
since  the  fourteenth  century.  Excepting  about  66  per 
cent  of  the  77-mm.  guns  in  the  combat  division,  all 
mobile  weapons  of  the  United  States  artillery  are  mo- 
torized and  complete  motorization  has  been  approved. 
The  history  of  artillery  motorization  is  sketched  and 
a  tabulation  given  of  the  general  mechanical  develop- 
ment in  artillery  motor  equipment  to  May,  1919. 
Caterpillar  vehicle  characteristics  are  next  consid- 
ered in  detail,  followed  by  ten  specifically  stated 
problems  of  design  which  are  then  discussed.  Five 
primary  factors  affecting  quantity  production,  success- 
ful construction  and  effective  design,  in  applying  the 
caterpillar  tractor  to  military  purposes,  are  then  stated 
and  coftimented  upon.  A  table  shows  specifications  of 
engines  used  by  the  Ordnance  Department  and  three 
general  specifications  for  replacing  present  engine 
equipment  are  made.  Ways  and  means  of  modifying 
present  equipment  are  presented  and  the  findings  of 
the  Westervelt  Board  that  studied  armament,  calibers 
and  types  of  materiel,  kinds  and  proportion  of  ammu- 
nition and  artillery  transport  methods  are  given  in  an 
appendix. 

The  Ordnance  Department,  through  the  chief  of  its 
technical  staff,  Col.  C.  L'  H.  Ruggles,  has  requested  me 
to  lay  before  you  the  problem  of  artillery  motorization, 
and  to  solicit  your  interest,  assistance  and  moral  sup- 
port in  working  toward  its  solution.  Motorization  as 
accomplished  in  the  recent  war  could  hardly  have  been 
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effected  without  the  assistance  of  this  Society,  which  rep- 
resents almost  100  per  cent  of  the  automotive  engineering 
talent  of  America.  Recognizing  the  necessity  of  con- 
tinuing this  motorization  movement  and  the  fact  that 
much  of  this  development  has  been  accomplished  by  the 
creative  ability  of  the  members  of  the  Society,  it  is 
the  object  of  this  paper  to  attempt  to  interest  further 
those  who  have  already  aided  this  development  and  to 
arouse  the  interest  of  those  who  have  hot  yet  come  in 
contact  with  the  special  problems  of  artillery  motoriza- 
tion and  cross-country  mechanical  transport  in  general. 

Without  question,  the  greatest  single  advance  in  mili- 
tary engineering  since  the  fourteenth  century  is  that  of 
motorization  as  developed  during  the  recent  war.  From 
the  first  authentic  record  of  the  existence  of  the  cannon, 
reference  to  which  appears  in  the  journal  of  the  city  of 
Ghent,  in  1313\  up  to  the  highly  refined  field  gun  and 
cannon  of  1914,  the  two  fundamental  ideas  kept  in  mind 
by  military  engineers  in  designing  cannon  have  been  to 
secure  the  maximum  range  and  hitting  power  consistent 
with  the  mobility  limitations  of  horse  transport.  It  was 
only  in  1914  that  the  United  States  considered  the  art 
suf^ciently  developed  to  warrant  the  hope  of  successful 
artillery  motorization.  In  1916  a  fully  motorized  medium 
heavy  battery  was  organized  in  this  country  and  the 
first  fully  motorized  artillery  l*egiment  in  the  world,  the 
Ninth  Field  Artillery,  in  Honolulu.  This  removed  the 
incubus  of  lack  of  mobility  that  had  limited  the  ordnance 
engineer  in  design  and  handicapped  artillerymen  in  bat- 
tle from  the  days  of  catapults. 

Since  that  time,  and  particularly  during  our  partici- 
pation in  the  great  war,  military  requirements,  as  inter- 
preted by  leading  ordnance  and  artillery  engineers,  have 
so  changed  the  conception  of  mobility,  that  to  date,  with 
the  exception  of  about  66  per  cent  of  the  75-mm.  guns 
in  the  combat  division,  the  motorization  of  all  mobile 
weapons  of  the  United  States  artillery  is  an  accomplished 
fact,  and  a  recommendation  for  the  ultimate  motorization 
of  those  not  now  motorized  has  been  approved. 

In  taking  this  big  step  forward  in  such  a  short  time, 
and  particularly  because  of  the  exigencies  of  war,  it  was 
impossible  to  make  the  design  of  the  vehicles  involved 
as  complete  or  as  consistent  as  could  be  desired,  it  being 
necessary  to  use  the  equipment  most  quickly  available 

•"Item;  in  this  year  was  the  first  discovery  oft  the  use  of  can- 
non by  a  monk  In  Germany." 
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and  to  adapt  it  wherever  possible  to  that  used  elsewhere 
in  our  Army.  Thus,  there  are  certain  discrepancies  in 
design  to  which  your  attention  will  be  directed  later. 
It  is  the  function  of  this  paper  to  get  the  members  of 
this  Society,  who  have  helped  to  accomplish  this  remark- 
able forward  step  in  military  engineering,  to  help  iron 
out  these  discrepancies,  maintain  interest  in  the  problem 
of  motorization  and  thus  make  our  country,  through  its 
mechanical  skill  and  inventive  ingenuity,  possessed  of 
the  best  and  most  scientifically-equipped  army  in  the 
world. 

In  connection  with  the  solution  of  a  problem  of  this 
kind  where  the  skill  of  the  civilian  engineer  is  bent  to- 
ward solving  a  military  engineering  problem,  there  are 
two  important  relationships  to  keep  in  mind :  (a)  the  in- 
fluence of  the  present  state  of  the  art  of  automotive 
engineering  upon  the  military  problem,  and  (b)  the  in- 
fluence of  the  development  of  the  military  problem  upon 
the  art  itself.  This  latter  conception  in  the  case  of  artil- 
lery motorization  is  highly  important. 

The  war  has  demonstrated  to  us  the  wonderful  possi- 
bilities of  the  caterpillar  tractor.  This  construction  met 
with  sufficient  commercial  resistance  in  the  past  to  retard 
its  development  somewhat.  There  have  been  a  limited 
number  of  manufacturers  who  were  interested  in  per- 
fecting this  type.  One  of  the  big  factors  in  winning  the 
war  was  the  basic  principle  or  the  idea  which  resulted 
in  the  design  and  creation  of  the  'tank,''  namely,  the 
caterpillar  or  track-laying  form  of  construction.  This 
t3npe  had,  before  the  war,  made  possible  agricultural  ac- 
complishments under  conditions  that  could  not  otherwise 
have  been  met.  It  is  now  recognized  as  an  essential 
means  of  transportation  in  logging  camps,  oil  fields, 
mines,  cane  and  rice  fields,  etc.  As  the  art  of  cater- 
pillar traction  advances  for  military  purposes,  so  will 
these  other  uses  be  elaborated  and  peace-time  industrial 
engineering  will  thereby  be  made  to  advance. 

History  and  Advantages 

Before  approaching  the  technical  factors  involved  in 
the  problem  of  artillery  motorization,  it  will  be  best  to 
provide  a  perspective  by  roughly  sketching  the  history 
of  artillery  motorization.  As  stated  before,  range  and 
hitting  power  have  been  from  time  immemorial  the  two 
obviously  desirable  cannon  characteristics.    As  one  army 


ARTIULERY  MOTORIZATION  647 

has  made  progress  in  these  two  factors,  others  have 
taken  steps  to  offset  them,  so  that  the  various  big-gun 
equipments  of  all  armies  among  the  major  powers  is  at 
any  one  period  a  more  or  less  understood  and  fixed  propo- 
sition. It  was  only  during  this  war,  in  which  the  strain 
was  so  great  as  to  necessitate  reinforcing  men  and  ani- 
mals by  every  means  which  engineering,  science  and 
machinery  could  provide,  that  substitutes  were  finally 


Fia.  1 — 120-Hp.  American-made  Caterpillar  Used  by  Both  Allied 
AND  Central  Powers  to  Haul  Guns  of  Large  Size 

found  for  the  animals  which  have,  since  the  dawn  of  his- 
tory, limited  the  mobility  of  armies.  Only  a  moment's 
thought  need  be  given  to  the  fixed  limitations  of  such 
animals;  to  their  proneness  to  disease  and  vulnerability 
to  climatic  changes,  gas  and  bombs,  as  compared  with 
mechanical  transportation;  to  the  necessity  of  feeding 
them  whether  they  are  working  or  not;  to  the  extreme 
care  necessary  to  protect  their  health,  and  to  the  limita- 
tions in  the  length  of  their  working  period.  Mechanical 
transport  can  be  operated  for  long  periods  without  rest, 
and  any  "sickness"  can  be  cured  within  a  few  hours. 
The  motorization  of  one  155-mm.  howitzer  regiment  saves 
1440  horses  and  400  men.  One  tractor  for  this  howitzer 
is. the  equivalent  of  10  horses,  and  yet  it  is  so  compact 
that  when  packed  it  occupies  but  360  cu.  ft.  The  horses 
in  a  regiment  equipped  with  this  caliber  of  gun  consume 
daily  36,000  lb.  of  forage,  whether  the  animals  are  at 
work  or  idle.    The  same  regiment  with  its  equipment 
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motorized  consumes  but  29,000  lb.  of  fuel,  oils  and 
greases,  when  moving  50  miles,  which  represents  a  2- 
days'  march  for  such  a  command  in  a  period  of  vigorous 
activity  and  10  days  of  average  war  movement.  Further- 
more, it  stops  this  consumption  when  idle  and  there  is  a 
corresponding  saving  in  personnel.  Tractors  are  far 
more  easy  to  "camouflage"  than  horses.  A  shrapnel 
burst  which  will  kill  every  horse  with  a  gun  will  usually 
leave  one  of  these  armored  tractors  uninjured. 


Fia.  2 — Tractor  Hauling  Heavy  Gun  Showing  Adaptabil- 
ity TO  Cross-Oountry  Transportation  and  Need  fob 
Low  Unit  Pressure 

When  France  and  Germany  went  to  war,  the  Germans 
used  a  large  American-made  tractor  (See  Fig.  1)  which 
they  had  purchased  prior  to  the  war  to  move  the  great 
Skoda  guns  from  Austria  into  Belgium.  France  and 
England  used  this  same  make  of  vehicle  for  their  heavy 
equipment,  but  at  that  time  and  even  when  the  United 
States  first  went  into  the  war,  the  policy  of  France, 
England  and  a  considerable  percentage  of  American  mili- 
tary opinion  were  against  general  artillery  motorization. 
The  belief  in  the  possibilities  of  motorization  on  the  part 
of  certain  leading  spirits  in  the  ordnance  and  artillery 
services,  combined  with  the  growing  pressure  of  military 
requirements,  changed  this  opinion  completely.  These 
factors,  combined  with  the  able  assistance  of  the  members 
of  this  Society,  gave  motorization  its  real  impetus  and 
made  America  the  leading  factor  in  this  phase  of  war 
engineering.  The  carriage  division  of  the  Ordnance  De- 
partment in  particular  deserves  great  credit  for  the 
manner  in  which  it  expanded  to  meet  the  fast-changing 
conditions  and  the  method  in  which  the  whole  problem 
was  handled. 


Digitized 


by  Google 


ARTILLERY  MOTORIZATION  649 


FiQ.  3 — A  10-ToN  Tractor  Pulling  a  4.7-In.  Gun  and 
Caissons  Wbiqhinq  17,000  Lb.  in  the  Novbmbbr  1917 
Test  at  Rock  Island  NBOoriATiNa  Rock  Pile 

In  the  extracts  from  the  Westervelt  report  which  are 
given  in  the  Appendix,  it  will  be  noted  that  under  the 
guidance  of  the  Ordnance  Department,  through  its  tank, 
tractor  and  trailer  division,  the  following  general  me- 
chanical  development  with   respect  to   artillery   motor 


Fio.  4 — ^A  2% -Ton  Tractor  Pulling  a  4.7-In.  Gun  and 
Showing  thh  Nbcbbsity  for  the  Engine  Functioning 
on  ▲  Steep  Incline 
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FiQ.  5 — A  10-ToN  Artiixery  Tractor  Pulling  a  155-MM.  Gun 

equipment  had  been  accomplished  at  the  date  this  report 

was  submitted: 

(1)  An  efficient  10-ton  artillery  tractor  for  pulling 
heavy  gun  loads  had  been  designed,  tested  and 
contracts  for  2800  had  been  placed,  of  which  933 
were  in  France 


FiQ.    6 — Tractor   Caisson   Pulling   Cargo   Carrying   Trailers 
Weighing  3  Tons  Each 

(2)  An  efficient  5-ton  artillery  tractor  for  pulling 
medium  gun  loads  had  been  designed,  tested  and 
4000  were  in  production,  of  which  1018  were  in 
France 

(3)  Efficient  heavy  mobile  repair  shops  had  been  de- 
signed, tested  and  17  shops  of  Z  sections  ^ach  put 
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into  production,  one  of  which  was  in  operation  in 
the  occupied  zone  of  Germany 

(4)  An  efficient  artillery  repair  truck  had  been  de- 
signed, tested  and  420  of  1332  under  production 
were  in  France 


Fia.  7 — Early  British  Tank  Using  Combination  of  Whkkl  and 

Track 

(5)  An  efficient  3-ton  four-wheel-drive  truck  had  been 
designed,  tested  and  adopted  as  standard  for  use 
in  the  Army 

(6)  Caterpillar  tracks  to  replace  wheels  on  certain 
heavy  guns 


Fig.  8 — Mark  VIII,  a  Latb  Development  in  Tank  Construction 
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Fio.  9 — Sblf-Propellejd  Gun  Mount  Showing  Ability  op 
Present  Construction  to  Operate  on  Submerged 
Ground 

(7)  The  following  had  been  designed,  built  and  were 
being  tested: 
(a)  2V^-ton  tractor 
(6)  Heavy  motorcycle  for  artillery 

(c)  Self-propelled  gun  mounts  for  various  weapons 

(d)  Cargo-carrying  caterpillars  or  tractor  caissons 

(e)  Cargo  caterpillar  trailers 


Fio.  10 — 1918  Model  of  8-In.  Gun 

While    fundamentally    the    same    as    the    earlier    guns    note    great 

improvement  in  construction  and  means  of  control 

It  can  be  stated  with  respect  to  (1),  (2)  and  (8)  that 
the  United  States  is  far  in  advance  of  all  other  world 
powers. 
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While  some  of  these  vehicles  may  be  open  to  criticism 
as  to  various  details,  all  of  those  put  into  production  are 
good  practical  mechanisms  that  function  satisfactorily. 


FiQ.  11 — Larqb  Howitzer  on  Self-Propblled  Caterpillar  Mount, 
THE  Latest  Development   in   Mobile   Artillery 

As  previously  mentioned,  the  necessity  for  haste  pre- 
vented a  complete  and  consistent  design,  which  explains 
the  discrepancy   indicated   in   Table   1   with   regard    to 


Fio.   12 — Ready  Adaptation  op  75-MM.  Gun  to  5-Ton 
Tractor  Mount 
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excessive  power  in  some  vehicles  and  the  lack  of  consist- 
ency in  the  type  of  unit  used  and  its  design.  The  com- 
mercial product  of  an  American  tractor  manufacturer 
was  used  as  the  basis  of  these  designs,  and  upon  this  were 
installed  various  available  power  units  which,  although 
not  designed  for  this  particular  type  of  service,  never- 
theless functioned  satisfactorily. 

Caterpillar  Vehicle  Characteristics 

In  order  that  you  may  see  the  work  that  has  been  ac- 
complished in  this  manner,  various  illustrations  have 
been  included  with  this  paper  showing  the  more  impor- 


FiG.    13 — A    7-lN.    Naval   Gun    Adapted    to    Caterpillar    Tracks 
Making    Transportation    Off    Roads    Possuble 

tant  pieces  of  equipment  that  the  tractors  have  to  handle 
(see  Figs.  2  to  6),  as  well  as  the  tractors  themselves. 
The  progress  made  in  the  development  of  the  tank  can  be 
seen  by  comparing  Figs.  7  and  8,  while  types  of  self- 
propelled  gun  mounts  are  shown  in  Figs.  9  to  13.  Fig. 
14  shows  the  adaptability  of  the  tractor  to  military 
operations. 

While  this  paper  deals  primarily  with  the  use  of  cat- 
erpillar traction  in  artillery  motorization,  it  must  be  ap- 
preciated that  many  wheel  types  of  vehicles,  such  as  the 
mobile  repair  shop  (see  Fig.  15),  various  trailers  (see 
Fig.  7),  etc.,  are  a  necessary  part  of  the  artillery  motor- 
ization requirements  and  are  today  in  a  stage  of  develop- 
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Fio.  14 — Adaptability  of  Tractor  to  Military  Operations 
Illustrating  Good  Weight  Distribution  and  Ability 
to  Cross  Railroad  Trestles  Where  Horses  Could 
Not  Go 

ment  equal  to  that  of  the  caterpillar  traction  development. 
Before  taking  up  some  of  the  more  important  princi- 
ples of  caterpillar  application  to  military  requirements, 


Fio,  15 — Milling  Machine  Trailer,  One  of  the  Many 
Vehicles  Composing  a  Heavy  Artillery  Mobile  Repair- 
Shop   COflCPANT 
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to  indicate  the  final  solution^  but  states  the  problem  as 
it  is  known  today.  It  is  to  be  hoped,  however,  that  a 
statement  of  the  problem  and  of  the  requirements  and 
present  conditions  will  result  in  many  valuable  papers 
and  much  discussion. 

A  more  or  less  conventional  caterpillar  tractor  con- 
struction is  here  described  for  the  benefit  of  those  who 
are  not  familiar  with  this  type  of  vehicle.  Fig.  16  is 
a  diagranmiatic  sketch  of  one  of  the  caterpillar  tracks 
and  supporting  mechanism  of  a  military  tractor.  The 
engine  and  operating  mechanism  is  carried  in  a  chassis 
frame  which  is  supported  on  a  number  of  small  wheels  or 
truck  rollers  that  in  turn  run  on  an  endless  belt  or 
flexible  track  which  acts  as  a  medium  for  distributing 


Fia.  16 


the  weight  of  the  vehicle  over  the  area  of  contact  of  the 
track  with  the  ground.  The  track  itself  is  supported  on 
two  larger  rolls  or  sprockets,  one  of  which  is  power  actu- 
ated, thus  making  a  vehicle  construction  having  in  effect 
elongated  wheels,  with  a  large  wheel  or  track  area  in 
contact  with  the  ground  and  resultant  low  unit  pressure. 

The  unit  pressure  of  the  track  in  contact  with  the 
ground  is  much  lower  than  could  be  obtained  with  the 
more  simple  wheel  •construction  and  is  the  prime  reason 
why  this  type  of  vehicle  is  capable  of  better  performance 
under  extremely  adverse  ground  conditions.  Roughly 
speaking,  the  static  unit  pressure  of  an  average-size  man 
is  about  6  to  8  lb.  per  sq.  in.,  this  pressure  increasing 
by  100  per  cent  when  he  lifts  one  foot  to  walk.  That  of 
a  good-sized  horse  will  be  found  to  be  about  16  to  18  lb. 
per  sq.  in.  staticly  and  more  than  twice  that  in  action. 

Referring  to  Table  1,  the  highest  unit  pressure  shown, 
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ground.  The  general  military  specifications  for  vehicles 
of  the  caterpillar  type  state  that  for  the  future  the  unit 
pressure  in  soft  ground  with  5-in.  penetration  shall  not 
exceed  5  lb.  per  sq.  in.,  a  condition  which  can  very  easily 
be  met.  A  study  of  Fig.  16  will  show  that  when  operating 
on  a  hard  surface,  ignoring  any  raised  traction  surface 
or  grousers,  only  that  part  of  the  track  beneath  the 
truck  rollers  will  provide  means  of  support.  As  the 
tractor  penetrates  soft  ground,  the  area  of  contact  is  in- 
creased. The  sketch  illustrates  this  point  for  static  con- 
ditions only,  for  obviously,  if  the  vehicle  moved  ahead, 
unless  the  ground  is  unusually  springy,  the  surface  would 
be  pressed  down  so  that  but  little  additional'  contact 
would  be  made  available  at  the  rear  of  the  track.  There 
is  another  condition,  however,  that  enters  into  the  prob- 
lem where  the  tractor  Is  used  for  drawbar  purposes. 
The  drawbar  reaction,  as  will  be  shown  later,  increases 
the  pressure  on  the  rear  truck  roUers  to  such  an 
extent  that  the  rear  springs  are  compressed,  allowing 
the  rear  sprocket  to  come  closer  to,  or  even  to  touch,  the 
ground,  thus  increasing  the  contact  area  at  the  rear  end. 

While  there  are  practical  limitations  in  the  length  of 
a  track  due  to  the  effect  upon  steering,  it  is  very  easy 
not  to  exceed  5  lb.  per  sq.  in.  pressure  in  soft  ground, 
for  after  the  maximum  permissible  length  of  track  has 
been  reached,  if  the  ratio  between  it  and  the  weight  to 
be  supported  is  too  high  the  track  can  be  made  of  such 
width  that  a  maximum  pressure  of  less  than  3  lb.  per 
sq.  in.  can  be  obtained,  providing  that  the  slight  addi- 
tional weight  is  permissible.  Taking  all  the  factors  into 
consideration,  4  or  5  lb.  per  sq.  in.  pressure  is  generally 
satisfactory  and  is  easily  obtained. 

When  low  unit  pressure  is  known  to  be  desirable,  the 
question  immediately  arises  as  to  why  the  large  end 
sprockets  cannot  be  lowered  so  as  to  bring  the  entire 
track  from  center  to  center  of  these  sprockets  in  contact 
with  the  ground  at  all  times.  This  would  be  desirable 
and  is  practically  the  result  obtained  in  soft  ground,  but 
on  hard  surfaces,  the  laying  down  and  picking  up  of  the 
track  shoes  under  these  conditions  creates  a  mechanical 
vibration  that  becomes  objectionable  at  high  speed. 
Even  with  a  very  short-pitch  track-link,  the  same  condi- 
tion holds  good,  whether  the  track-link  is  picked  up  and 
laid  down  by  the  sprocket  engaging  with  the  track-link 
pin,  or  whether  the  track  rolls  around  a  drum  like  a 
belt.  Fig.  17  indicates  the  path  of  the  center  of  a  sprocket 
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where  the  track  is  lifted  by  a  sprocket  engaging  with 
the  pins.  Fig.  18  shows  the  "digging-in"  action  of  the 
end  of  the  shoe  when  an  attempt  is  made  to  roll  the 
track  around  the  sprocket  drum  like  a  belt.  In  either 
event,  the  necessity  of  providing  clearance  at  the  ends 
of  the  track  is  obvious.  Therefore,  on  a  hard  surface 
the  real  "wheelbase"  of  a  caterpillar  vehicle  is  not  the 
distance  from  center  to  center  of  sprockets  but  is  roughly 
the  center  to  center  distance  between  the  end  track  rollers. 
For  agricultural  purposes  slow  speed  over  soft  going 
is  the  usual  requirement,  but  for  military  and  Indus* 
trial  purposes,  a  possible  high  speed,  approximately  12 
m.  p.  h.  or  more,  is  desired.  This  requirement  somewhat 
complicates  the  problem,  in  that  such  items  as  unsprung 
weight,  proper  spacing  of  truck  rollers,  suitable  length 
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of  track-links,   track  tension  release,  etc.,   assume  in- 
creased importance. 

Track  tension  release  is  accomplished  in  several  ways, 
but  in  theory  should  the  track  clog  up  in  such  a  way  as 
to  cause  a  foreign  substance  of  considerable  bulk  to  pass 
between  the  truck  rollers  or  the  sprockets  and  the  track, 
some  means  must  be  provided  to  enable  the  track- 
supporting  mechanism  to  yield,  thus  relieving  the 
enormous  strain  which  otherwise  is  liable  to  do  severe 
damage.  Fig.  19  show^  such  a  condition.  Here  this 
strain  is  relieved  by  the  downward  motion  of  the  sprung 
upper  support  of  the  track.    This  is  illustrative  of  the 


FiQ.   19 

construction  used  on  the  Renault  tanks.  It  is  necessary 
to  support  the  upper  part  of  the  track  to  prevent  undue 
slapping,  and  advantage  is  taken  of  this  supporting 
mechanism  to  put  an  arch  in  the  top  part  of  the  track, 
as  shown  in  Fig.  16.  The  foreign  substance  passing 
through  the  track,  as  in  Fig.  19,  creates  sufficient  tension 
in  the  track  so  that  the  arch  is  straightened  out,  thus 
allowing  the  track  to  leave  the  sprocket  at  the  rear  end 
as  shown. 

It  is  well  understood  that  there  is  a  point  at  the  bottom 
of  a  rolling  wheel  which  is  momentarily  stationary,  but 
it  is  rather  difficult  to  visualize  this  fact.  This  condition 
is  exaggerated  in  the  case  of  the  caterpillar  track,  as 
the  lower  part  of  the  .track  is  stationary  with  respect 
to  the  ground  for  a  considerable  period  of  time  while 
the  top  part  moves  at  twice  the  speed  of  the  vehicle. 
This  acceleration  and  deceleration  of  the  track  in  re- 
lation to  the  ground,  which  is  illustrated  as  a  matter  of 
interest  only  in  Fig.  20,  does  not  affect  the  stressing  of 
the  track,  except  as  expressed  in  the  centrifugal  force 
due  to  the  change  of  direction  of  the  track  in  relation 
to  the  structure  itself. 

A  caterpillar  vehicle  is  usually  steered  by  making  one 
track  operate  faster  than  the  other  or  by  stopping  one 
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track  entirely  and  driving  with  the  other.  An  idea  of 
the  effect  of  track  length  on  turning  can  be  obtained  by 
reference  to  Fig.  21. 

The  most  extreme  condition  is,  of  course,  where  one 
track  is  stopped  and  the  other  side  driven.  In  the  sketch 
the  upper  track  has  been  stopped  entirely  and  power 
applied  to  the  lower  one,  in  which  case  the  vehicle  will, 
theoretically,  turn  on  a  point  beneath  the  center  of 
pressure  on  the  stationary  track,  the  turning  being 
accomplished  by  skidding  the  slowest  moving  or  station- 
ary track  about  this  center. 

Problems  of  Design 

Without  taking  time  for  mathematical  proof,  it  may  be 
stated  that  for  best  results  the  length  of  the  track  for 
tractors  should  not  be  more  than  one  and  one-half  times 
the  tread,  or  the  center  to  center  distance  between  the 
tracks.  For  tanks  and  other  self-propelled  vehicles,  a 
ratio  of  2  to  1  is  permissible. 

The  ideal  proportioning  of  a  caterpillar  track  can  be 
stated  as  follows:  The  shortest  possible  track  shoe  to 
facilitate  its  being  picked  up  and  laid  down,  the  largest 
possible  diameter  of  truck  rollers  to  negotiate  the  uneven 
surface  of  the  track  better  and  reduce  rotational  speed. 
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The  spacing  of  these  rollers  should  be  about  equal  to  the 
length  of  the  track  shoe.  This  distance  should  not  be 
exactly  equal  but  varied  so  that  no  two  rollers  will 
pass  over  a  joint  in  the  track  at  the  same  time.  These 
conditions  are  impossible  to  meet  ideally,  as  are  most 
other  problems  in  connection  with  automotive  work,  so, 
as  is  usual  in  such  cases,  the  solution  is  reached  through 
compromise,  using  a  little  longer  track-link  pitch  and  a 
somewhat  smaller  diameter  of  truck  rollers.  A  combina- 
tion which  will  operate  most  satisfactorily  to  all  intents 
and  purposes  is  one  in  which  the  truck  rollers  are 
spaced  on  a  center  distance  of  one  and  one-half  times  the 
length  of  a  track-link,  the  variation  of  spacing,  however, 
being  maintained  to  avoid  any  number  of  rollers  passing 
over  track  joints  at  the  same  time. 

A  caterpillar  track  may  be  likened  to  that  of  a  rail- 
road made  up  of  very  short  rails  but  differs  from  it  in 
that  the  rails  are  located  as  to  position  by  the  wheels 
of  the  vehicle  instead  of  being  secured  to  the  roadbed. 
This,  coupled  with  the  necessity  of  what  might  be 
termed  a  positive  tractive  ability,  the  driving  mechanism, 
the  picking  up  and  laying  down  of  the  rails  or  links, 
and  the  necessity  of  a  greater  number  of  smaller  wheels 
on  account  of  the  shortness  of  the  rails  and  the  absence 
of  the  supporting  ties  on  a  graded  roadbed,  introduce 
a  number  of  new  problems,  the  more  important  of  which 
can  be  listed  as  follows: 

(1)  The  track  material  should  be  easily  obtainable, 
tough  and  strong  to  resist  wear  and  rough  usage 

(2)  The  track  design  should  lend  itself  to  economical 
production  and  assume  such  form  as  to  readily 
clean  itself  of  stones  and  mud 

(3)  Intelligent  reduction  of  weight  of  the  track-link 
perceptibly  increases  the  life  of  the  link 

(4)  The  link  joints  should  be  made  with  pins  of  ample 
size  to  require  the  minimum  of  lubrication,  if  any, 
and  to  resist  the  driving  loads  and  stresses  caused 
by  the  tendency  of  the  track  to  bend  laterally  in 
turning  and  in  negotiating  sidehills  and  rough 
going 

(5)  The  joints  should  be  arranged  so  as  to  avoid  any 
''nut-cracker"  eflfect.  The  opening  and  closing  of 
any  part  of  the  joint,  as  the  track  works  back  and 
forth,  tends  to  accumulate  and  crtlsh  small  stones 
and  dirt,  seriously  increasing  the  stressing  of  the 
working  parts 
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(6)  The  joint  in  the  track  rail  between  surfaces  on 
which  the  truck  rollers  operate  should  be  staggered 
or  arranged  so  as  to  minimize  shocks  between  the 
track  and  the  rollers 

(7)  A  reasonable  amount  of  stock  and  sufficient  clear- 
ance must  be  provided  to  allow  for  wear  on  the 
track  rail,  due  to  the  action  of  the  truck  rollers 

(8)  It  is  advisable  to  load  the  track  near  its  outer 
edges  rather  than  at  the  center,  to  avoid  a  side- 
cocking  or  twisting  action,  resulting  in  undue 
loading  of  the  track^link  pins.  This  is  apparently 
best  accomplished  today  by  the  use  of  a  double  row 
of  truck  rollers.  Attempts  to  compensate  the  track 
show  that  ball  joints  or  hinged  connections  have 
not  met  with  much  success,  owing  to  clogging  up 
and  increased  weight 

(9)  The  proper  shape  or  form  for  the  surface  which 
comes  in  contact  wil^h  the  ground  is  of  great  im- 
portance, especially  for  military  purposes.  It 
shouM  be  arranged  so  that  it  will  not  damage  good 
roads  and  still  make  the  application  of  cleats  or 
grousers  unnecessary  for  ordinary  soft  going. 
Where  grousers  are  required  for  maximum  per- 
fomance,  they  should  be  applicable  with  the  min- 
imum expenditure  of  time  and  effort.  Some  form 
of  easily-applied  calks  are  necessary  for  negotiat- 
ing ice  • 

(10)  The  track  drive,  necessarily  positive,  is  usually  ac- 
complished after  the  fashion  of  a  block  or  roller 
chain  and  sprocket.  Here  again  care  must  be 
used  to  avoid  clogging  up  with  foreign  matter,  and 
provision  made  that  the  mechanism  will  clean  it- 
self to  aa  great  an  extent  as  possible 

The  caterpillar  track-link  is  a  study  in  itself,  about 
which  much  can  be  written.  Although  in  its  present 
state,  when  made  of  suitable  material  and  properly 
designed,  it  functions  most  satisfactorily,  in  long  and 
severe  service  it  presents  a  very  interesting  problem, 
one  worthy  of  the  best  efforts  of  the  automotive 
engineer. 

Considerable  energy  is  being  expended  in  the  develop- 
ment of  a  combination  wheel  and  caterpillar-tracked 
vehicle  for  military  purposes;  the  wheels  for  high  speed 
and  the  caterpillar  to  enable  greater  load  carrying.  The 
results  to  date  are  most  gratifying,  but  I  cannot  help 
but  feel  that  the  ultimate  answer  for  greater  speed 
ranges  for  heavy-duty  purposes  will  be  in  a  purely 
caterpillar  vehicle  with  light  track  shoes,  a  very  small 
amount  of  unsprung  weight,  embodying  the  use  of  a 
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considerable  quantity  of  rubber  or  some  other  cushioning 
medium  in  connection  with  the  rolling  members  and 
track. 

A  military  caterpillar  vehicle,  either  for  drawbar  or 
load-carrying  purposes,  should  be  provided  with  a  four- 
speed  gearbox.  The  first  speed  should  be  very  low  and 
give  high  torque;  the  second  should  provide  a  rate  of 
travel  from  about  2Vi  to  3^/^  m.  p.  h.  at  the  governed 
engine  speed  to  harmonize  with  the  rate  of  travel  of  a 
marching  column ;  the  third  speed  which  should  be  from 
7  to  8  m.  p.  h.,  is  to  be  used  as  a  general  traveling  speed 
where  there  are  no  special  restrictions.  This  third 
speed  is  the  maximum  rate  at  which  it  is  considered 
good  practice,  in  the  present  state  of  the  art,  for  cater- 
pillar equipment,  and  especially  the  pieces  which  they 
now  haul,  to  travel  over  long  distances.  An  emergency 
speed  of  12  m.p.h.,  or  better,  is  desirable  for  short 
dashes,  as  for  example  where  it  is  necessary  to  cross 
quickly  places  that  are  exposed  to  enemy  fire,  to  bring 
up  reinforcements,  etc. 

I  am  glad  to  note  a  tendency  in  truck  and  tractor 
construction  toward  lower  first  speeds.  There  are  still 
too  many  who  do  not  appreciate  the  remarkable  ad- 
vantages of  this  and  its  possibilities. 

For  satisfactory  performance,  a  low  emergency  speed, 
giving  high  pulling  power,  is  essential  in  any  heavy-duty 
vehicle,  for  military  or  industrial  purposes,  regardless 
of  whether  it  is  a  wheel  or  caterpillar  type.  Given  a 
vehicle  construction  with  sufficient  area  of  ground  con- 
tact to  negotiate  soft  terrain,  the  problem  becomes  one 
of  providing  means  for  virtually  gearing  the  tractive 
members  to  the  ground  surface.  While  the  caterpillar 
is  rapidly  adaptable  in  this  respect,  as  it  permits  the 
engaging  of  a  larger  number  of  cleats  or  grousers  with 
the  surface  of  the  ground  at  one  time,  the  tractive 
effort  of  the  mechanism  depends  largely  on  the  shearing 
strength  of  the  soil  in  contact  with  the  tractive  member 
and  immediately  back  of  it.  To  obtain  the  best  results, 
we  are,  therefore,  confronted  with  the  problem  of  using, 
to  the  best  advantage,  such  strength  as  is  to  be  found 
in  this  particular  area  of  soil.  As  with  any  other 
material,  the  soil  can  be  safely  stressed  to  a  higher 
degree  if  the  load  is  applied  gradually  and  uniformly. 
Careful  investigation  over  a  long  period  of  time  proves 
this  statement,  and  it  is  found  that  with  a  very  low 
gear  ratio,  both  wheel  and  caterpillar  types  of  vehicle 
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have  less  breakage,  require  less  area  in  contact  with 
the  ground  and  develop  a  greater  drawbar  pull  for  a  given 
weight.  In  visualizing  this  emergency  low  speed  for  a 
military  or  any  other  class  of  heavy-duty  vehicle,  it 
should  not  be  looked  upon  as  a  means  of  getting  to  the 
destination  quickly  but  rather  a  provision  which  will 
prevent  the  vehicle  being  stalled  under  extreme  condi- 
tions. 

A  caterpillar  vehicle  to  operate  satisfactorily  over  very 
rough  going,  where  it  is  necessary  to  climb  steep  banks, 
cross  ditches,  etc.,  should  have  no  projection  outside  a 
plane  tangent  to  the  front  and  rear  end  of  the  tracks 
and  sloping  at  an  angle  of  60  deg.  to  the  horizontal. 
It  would  be  very  desirable,  from  one  standpoint,  espe- 
cially for  military  vehicles,  to  have  the  tracks  extend  a 
considerable  distance  ahead  and  behind  the  chassis;  on 
the  other  hand,  this  would  increase  the  weight  of  the 
vehicle  without  proportionate  advantage  and  would 
probably  adversely  affect  steering  conditions  to  such  an 
extent  as  to  make  it  undesirable. 

Weight  is  an  important  factor,  especially  in  regard 
to  vehicles  of  the  lesser  capacities,  as  it  is  desirable  that 
they  negotiate  fixed  and  pontoon  military  bridges,  and 
especially  the  light  highway  bridges  common  in  this 
country.  The  following  notes,  indicating  the  different 
kinds  and  capacities  of  military  bridges  used  by  our 
army,  are  of  interest : 

(1)  Fixed  military  heavy  bridge,  both  steel  and  wood. 
Load,  can  take  Mark  VIII  tank.  Maximum  width 
between  curbs  132  in.  Height  of  curb  8  in.  Weight 
of  Mark  VIII  tank  40  tons 

(2)  Present  or  intermediate  type  pontoon  bridge,  using 
standard  equipment.  Load,  5-ton  axle  loads  with 
10-ft.  minimum  separation 

(3)  Proposed  new  type  of  pontoon  bridge  of  about 
twice  the  capacity  of  (2) 

One  of  the  great  difficulties  experienced  in  the  opera- 
tion of  cross-country  mechanical  transport  is  in  passing 
through  water.  This  is  of  such  importance  that  it  has 
been  specified  that  artillery  vehicles  shall  be  able  to 
negotiate  5  ft.  of  water.  This  problem  offers  two  solu- 
tions :  that  of  partially  submerging  the  vehicle  and  that  of 
floating  it.  In  this  connection,  it  is  worthy  of  note  that 
water  was  the  most  effective  protection  against  tanks 
that  was  used  in  the  recent  war. 

The  armor  problem,  from  the  engineer's  standpoint, 
is  more  or  less  simple  of  solution ;  for,  if  the  fact  that  the 
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piece  is  to  be  protected  is  borne  in  mind,  the  necessary 
provisions  for  doing  this  can  be  very   readily  made. 

One  of  the  most  important  problems  in  connection 
with  caterpillar  equipment  for  artillery  motorization  is 
undoubtedly  that  of  the  proper  location  of  the  center  of 
gravity.  These  vehicles  have  the  ability  to  negotiate 
such  rough  terrain  that  a  tentative  military  specification 
today  requires  that  a  tractor  shall  be  capable  of 
negotiating  a  100  per  cent  grade  without  load  and  shall 
pull  a  trailer  load  equal  to  its  own  weight  up  a  60  per 
cent  grade,  if  footing  can  be  obtained. 

Fig.  22  shows  the  tractor  at  rest  or  running  on  the 
level  with  a  slight  load.  The  ideal  condition  is  to  have 
a  uniform  load  on  all  truck  rollers  at  all  times  regardless 
of  grade.  The  law  of  gravity,  of  course,  makes  this 
impossible.  The  overturning  moment,  due  to  the  draw- 
bar pull,  is  Z)  X  d,  where  D  is  the  drawbar  pull  and  d 
the  distance  from  the  ground  to  the  point  of  application 
of  the  drawbar.  The  overturning  moment,  due  to  the 
torque  reaction  and  internal  friction,  which  in  turn  is 
due  to  the  tractive  resistance,  is  T  x  r.  This  resistance 
T  is  about  0.08  of  the  total  weight  of  the  tractor  and 
the  effective  arm  r  is  the  radius  of  the  driving  sprocket. 
This  makes  the  total  overturning  moment  Mo  =  D  x  d 
+  T  X  r.  The  stabilizing  moment  Mt  =  W  x  n,  where 
a  is  the  horizontal  distance  from  the  center  of  gravity 
to  the  plane  of  the  rear  roller  and  W  the  weight  of  the 
tractor.  These  are  the  three  external  forces  acting  on 
the  tractor  and  to  have  equilibrium  M«  must  be  greater 
than  Mo, 

Fig.  23  shows  the  effect  of  a  heavy  drawbar  pull  on 
the  tractor.  In  this  case,  the  tendency  is  for  the  front 
rollers  to  lift  off  the  ground  and  the  rear  sprocket  to 
come  down  toward  the  ground.  The  stabilizing  moment 
is  now  increased,  its  arms  becoming  a\  and  the  tractor 
rocks  about  a  point  on  the  ground  beneath  the  rear 
sprocket  instead  of  about  a  point  beneath  the  center  of 
the  rear  roller  as  shown  in  Fig.  22.  Fig.  24  shows  how 
the  stabilizing  moment  is  decreased  in  ascending  a  grade. 
Fig.  25  illustrates  the  importance  of  keeping  the  center 
of  gravity  far  enough  back  so  that  in  descending  a  grade 
it  will  not  fall  outside  of  the  front  supporting  contact 
of  the  track  on  the  ground,  in  which  case  the  machine  is 
likely  to  overturn  forwardly. 

The  effect  of  the  height  of  the  center  of  gravity  is 
also  of  interest.    Assuming  the  center  of  gravity  to  be 
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the  distance  c  from  the  ground  and  the  angle  of  the 
grade  a  (see  Fig.  26)  then  the  moment-arm  of  the 
center  of  gravity  becomes,  a  cos  a  —  c  sin  a.  From 
this  you  will  note  that  as  c  approaches  zero,  or  comes 
nearer  to  the  ground,  the  length  of  the  arm  increases. 
In  like  manner  the  distance  b  (see  Fig.  20)  may  be  ex- 
pressed similarly. 

The  problem  as  a  whole  is  one  of  great  magnitude 
and  there   is  opportunity  for  application  of  our  best 
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In  tipping:  the  moment  arm  of  the  center  of  gravity  increases 
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D  =  Drawbar 
d  =  Distance  between  the  ground  and  the  drawbar  or 

28  in. 
t  =  Reaction  due  to  tractive  resistance 
r  =  Radius  of  the  driving  sprocket 
W  =  Weight  of  the  machine 
a  =r  Distance   from    the   rear    axle    to    the    center   of 

gravity 
h  =  Distance   from   the   front   axle    to   the   center   of 

gravity 
I  =  Wheelbaae 

Mo  =:  Overturning  moment  =zDXd-^tXr 
Mb  =z  Stabilising  moment  zz  W  X  a 
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ability  to  good  advantage.  In  this  paper  I  have  merely- 
touched  the  high  spots,  but  if  I  have  been  successful 
in  arousing  your  interest  the  desired  result  will  have 
been  accomplished. 

Factors  to  Be  Considered 

In  considering  the  application  of  the  caterpillar 
tractor  for  military  purposes,  there  should  continually 
be  kept  in  mind  the  fundamental  rules  affecting  quantity 
production,  successful  construction  and  effective  design. 
These  may  be  expressed  as  follows : 

(1)  The  proportions  of  the  mechanism  must  be  suit- 
able to  its  use,  as  nearly  correct  theoretically  as 
is  possible  and  must  function  as  intended 

(2)  The  design  must  be  such  as  to  simplify  the  prob- 
lem of  production  in  every  possible  respect 

(3)  The  materials  used  in  its  construction  must  not  only 
be  satisfactory  for  their  purposes,  but  such  as  may 
easily  be  obtained  in  large  quantities  and  uniform 
quality  "'n  times  of  stress  and  of  such  a  nature  as 
to  be  fabricated  without  undue  effort  or  expense 

(4)  While  original  research  is  recognized  as  essentia^ 
and  by  all  means  to  be  encouraged,  nothing  but 
thoroughly  proved  and  accepted  practice  should  be 
considered  for  production 

(5)  Interchangeability  should  be  carried  to  the  limit, 
particularly  for  military  purposes,  without,  how- 
ever, jeopardizing  the  success  of  the  vehicle  by 
imposing  impossible  requirements.  Where  possible, 
there  should  be  interchangeability  of  units  and 
parts  between  different  Icinds  of  vehicle,  and  as 
many  similar  parts  as  possible  in  a  vehicle  should 
be  made  interchangeable,  thus  reducing  the  number 
of  different  pieces 

While  the  above  rules  are,  of  course,  familiar  to  us 
all,  they  are  repeated  because  of  their  prime  importance 
in  the  design  of  military  equipment,  and  because  it  is 
quite  easy  for  one  or  more  of  them  to  be  overlooked  in 
connection  with  a  problem  of  this  kind. 

It  must  be  appreciated  that  the  statement  that  trac- 
tors for  industrial  purposes  are  not  good  enough  for 
military  purposes  is  erroneous.  The  real  facts  of  the 
case  are  that  any  tractor  not  good  enough  for  military 
purposes  is  not  good  enough  for  industrial  or  agricul- 
tural purposes. 

I  believe  that  the  close  contact  of  the  automotive 
manufacturer  with  the  motorization  problem  in  general 
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Component  of  W  along  plane  =  W  sin  a 

Maximum  drawbar  pull  on  the  level   =   0.8   W 

Maximum  drawbar  pull  on  a  grade  =  0.8  TF  —  W  sin  a  = 

W  (0.8  —  sin  o) 
Stabilizing  moment  =z  W  (a  cos  a  —  c  sin  a) 
Overturning  moment  =   W  (0.8  —  sin  a)  d  +  0.08  Wr 
W  (a  cos  tt  —  0  sin  a)  >      W  (0.8  —  sin  a)  d  +  0.08  Wr 

has  given  him  much  valuable  knowledge  and  experience 
and  that  in  many  cases  it  has  undoubtedly  improved 
his  product.  On  the  other  hand,  it  is  to  be  hoped  that 
military  motorized  equipment  of  all  kiiids  can  be 
developed  so  that  commercial  vehicles  can,  in  their  turn, 
be  modified  to  be  applicable  to  the  military  requirements. 
This  is  for  two  reasons.  First,  and  of  greater  im- 
portance, it  is  beyond  the  ability  of  mankind,  in  the 
present  state  of  the  art,  to  develop  a  new  piece  of  equip- 
ment as  intricate  as  the  motor  car,  truck  or  tractor, 
build  it  in  quantity  and  put  it  into  actual  service,  without 
going  through  a  difficult  and  expensive  period  of  learning 
the  problem  of  production  and  overcoming  unavoidable 
defects.  It  is  only  by  putting  military  motor  vehicles 
into  actual  production  over  a  period  of  time  that  they 
can  be  made  practically  free  from  weaknesses  or,  to 
state  it  differently,  it  is  only  by  the  use  of  a  commercial 
product,  modified,  if  you  wish,  that  our  Army  equipment 
can  be  made  thoroughly  satisfactory  from  the  operation 
and  maintenance  standpoints.  Second,  it  has  been  well 
proved,  during  our  18  months  of  participation  in  the 
recent  war,  that  even  with  the  resources  of  the  entire 
country  behind  it  no  factory  can  be  rearranged,  tooled 
up  for  the  production  of  a  newly-designed  vehicle  and 
a  satisfactory  product  obtained  short  of  a  period  of  time 
running  into  months,  and  then  at  an  almost  unheard-of 
expense.     The  use  by  the  Army  of  vehicles  already  in 
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production,  would  therefore  make  an  immediate  source 
of  supply  available  at  a  much  less  emergency  cost  and 
would  not  disrupt  the  industry  nearly  to  the  breaking 
point.  This  principle  is  thoroughly  appreciated  by  the 
Ordnance  Department  but,  at  the  same  time,  the 
problems  incident  to  using  commercial  vehicles  for  war 
purposes  have  seemed  almost  unsolvable. 

The  Ordnance  Department,  during  the  period  of  our 
participation  in  the  war,  used  engines  in  some  of  its 
vehicles  which  conformed  to  the  specifications  given  in 
Table  1.  It  has  plans  for  the  future  which,  when  put 
into  effect,  will  ultimately  replace  the  present  engine 
equipment  with  a  series  of  powerplants,  which  it  is 
estimated  should  be  about  as  follows: 

(1)  A  60-hp.  engine  for  use  in  2%  and  5-ton  tractors, 
self-propelled  g^un  mounts  and  cargo  carriers  of 
corresponding  capacities.  The  reason  for  the  rela- 
tively less  horsepower  in  the  5-ton  tractor  as  com- 
pared with  the  2% -ton  unit,  is  that  it  is  assumed 
to  be  a  slower  speed  vehicle 

(2)  A  120-hp.  engine  for  use  in  10  and  15-ton  tractors 
and  any  self-propelled  gun  mounts  or  cargo-carry- 
ing vehicles  of  like  capacity,  the  loaded  weight  of 
which  does  not  exceed  50,000  lb. 

(3)  Engines  of  350  to  400  hp.  for  use  in  the  heaviest 
types  of  tanks 

These  capacities  are,  of  course,  only  estimates,  but 
they  give  some  idea  of  the  tendencies  in  future  military 
engine  requirements. 

Conclusion 

This  industrial  problem  and  the  other  engineering 
problems  are  a  few  which  are  laid  before  you  for  solution. 
Can  the  military  engineers  modify  their  requirements 
and  plans  to  meet  a  possibly  modified  method  of  pro- 
cedure of  the  manufacturers,  or  can  some  scheme  be 
developed  whereby  these  two  groups  can  get  together  in 
producing  and  using  a  commercial  line  of  vehicles  and 
units?  Is  it  possible  to  take  the  design  of  an  engine 
already  in  existence,  or  is  it  better  to  design  a  new  one 
and  to  attempt  to  interest  manufacturers  to  take  it  up 
and  gradually  put  it  into  use  in  order  that  the  type,  size 
and  design  of  engines  may  be  consistent? 
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must  be  revamped  and  in  some  cases  entirely  redesigned 
in  order  that  H  may  be  produced  more  efficiently  and 
fit  in  with  the  producing  conditions  of  the  automotive 
industry. 

Congress  must  provide  the  authority  and  the  means 
whereby  this  most  necessary  work  can  go  on.  Large 
sums  of  money  and  great  engineering  effort  are  expended 
annually  by  many  of  our  large  manufacturing  concerns 
in  the  improvement  and  the  development  of  a  single 
product.  Obviously,  it  is  necessary  for  the  Government 
to  go  to  greater  extremes  in  carrying  out  this  important 
motorization  movement,  because  in  this  there  will  be  no 
direct  competition  to  act  as  a  stimulus  and  others  will 
not  undertake  or  continue  the  work  if  the  Government 
does  not. 

The  Society  has  been  requested,  and  has  already 
appointed,  a  committee  of  seven  members  to  advise  with 
the  technical  staff  of  the  Ordnance  Department. 

It  is  hoped  that  those  of  you  who  have  been  active 
in  similar  work  during  the  war  will  continue  to  give 
thought  to  the  solution  of  the  problems  here  outlined, 
and  that  others  will  also  become  interested  to  the  end 
that  all  of  us  shall  give  our  best  efforts  and  moral 
support,  as  has  been  requested  for  the  furtherance,  not 
only  of  this  most  important  military  project,  but  also 
for  realizing  the  commercial  advantages  that  will  evolve 
from  it. 

Let  us  apply  to  the  solution  of  this  big  problem  the 
same  enthusiastic  energy  that  was  applied  to  the  winning 
of  the  war,  so  that  our  country,  through  the  cooperation 
of  its  automotive  experts  with  its  ordnance  engineers, 
shall  continue  to  lead  in  the  art  of  crosscountry  mechani- 
cal transport. 

Appendix 

The  Westervelt  Board,  so  called  after  its  senior  officer, 
Brigadier-General  W.  L  Westervelt,  consisted  of  a  group 
of  seven  Army  officers  appointed  Dec.  11,  1918,  to  make 
"A  study  of  the  armament,  calibers  and  tjrpes  of  ma- 
terial, kinds  and  proportion  of  ammunition,  and  methods 
of  transport  of  the  artillery  to  be  assigned  to  a  field 
army." 

After  a  thorough  investigation,  in  both  this  and 
certain  Allied  countries,  the  report  of  its  findings  was 
made  at  Washington,  May  5,  1919,  and  approved  by  the 
Chief  of  Staff  on  May  23,  1919. 

The  war  has  brought  about  no  radical  changes  in 
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motor  cars.  About  the  most  that  can  be  said  on  this 
subject  is  that  certain  commercial  cars  have  shown 
greater  strength  of  parts  and  ease  of'  operation  than 
others.  They  are,  therefore,  favored  for  military  pur- 
poses. 

When  motor  trucks  were  first  used  for  military  pur- 
poses the  commercial  types  were  naturally  used.  The 
two-wheel-drive  type  was  the  first  to  appear;  later,  to 
meet  a  demand  for  utilizing  to  the  best  advantage  the 
full  power,  the  four-wheel-drive  type  made  its  appear- 
ance in  the  commercial  world.  When  the  two  types 
were  tested  in  the  early  days  of  the  Mexican  expedition, 
real  dependence  was  placed  on  the  four-wheel-drive 
trucks,  there  being  instances  where  whole  trains  of 
two-wheel-drive  trucks  were  stalled.  At  a  later  date 
when  the  roads  had  dried  and  improved,  the  two-wheel- 
drive  type  made  a  bet^^r  showing  and  came  out  with  a 
better  reputation. 

However,  the  artillery  is  most  interested  in  the  type 
of  truck  that  is  best  suited  for  bad  road  conditions. 
The  United  States  Marine  Corps,  which  has  had  to  use 
motorized  field  artillery  for  some  of  its  mino 
tions,  adopted,  after  many  tests,  the  four-wh 
truck  to  handle  its  artillery.    Throughout  the  en 
the   English,    French   and    Russian   govemmeii 
chased  considerable  numbers  of  trucks  driven  on 
wheels,  for  use  in  their  artillery  service  and,  w 
July,  1918,  the  French  made  an  urgent  deman( 
American  Expeditionary  Force  for  300  such  true 
four-wheel-drive  truck  has  such  power  applica 
weight    distribution    as    to    assure    movement 
vehicle  if  traction  can  be  obtained  even  by  one 

Up  to  the  fall  of  1917,  there  had  not  been 
type  of  four-wheel-drive  truck  as  refined  in  m< 
detail  as  some  of  the  higher  typea  of  two-wh 
trucks.  This  was  natural,  as  the  development 
four-wheel-drive  came  later  than  that  of  the  t^ 
drive  truck.  However,  the  Ordnance  Departmer 
took  the  development  of  a  four-wheel-drive  tr 
would  not  have  any  of  the  defects  of  the  four-wh 
commercial  types.  This  truck  was  ready  for  pr 
in  May,  1918,  and  was  recommended  by  a  board  o 
from  practically  every  department  of  the  ser 
adoption  as  the  standard  type  of  four-wheel-dri 
for  the  United  States  Army  (see  paragraph  30, 
partment  Special  Order  No.  91,  dated  April  IS 
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In  the  opinion  of  the  board,  the  four-wheel-drive 
two- wheel-steer  type  of  truck  is  the  only  heavy,  cargo 
carrying  wheeled  vehicle  which  is  adequate  to  meet 
artillery  needs  in  the  battery,  battalion  and  the  regiment 
as  well  as  in  the  artillery  ammunition  train,  and  until 
a  definite  recommendation  to  this  effect  is  approved,  the 
artillery  arm  will  be  burdened  with  a  heterogeneous 
mass  of  trucks  whose  use  is  confined  almost  entirely  to 
good  roads> 

The  following  are  extracts  from  the  report  mentioned, 
which  are  of  interest  as  bearing  on  the  subject  of  this 
paper: 

Mechanical  transport  is  in  such  a  state  of  development 
in  this  country  that  there  is  no  need  in  dwelling 
upon  its  numerous  advantages  over  animal  draft. 
It  is,  however,  pertinent  to  give  a  brief  outline  of 
the  extent  of  its  employment  by  foreign  govern- 
ments, while  stating  that  the  United  States  is  far 
in  advance  of  all  other  world  powers  in  respect  to 
self-propelled  vehicles  as  applied  to  artillery  trans- 
port 

German  Wheeled  tractors  of  the  farm  and  road  repair 
type,  with  low  speed,  great  power  and  extreme 
weight  for  hauling  heavy  weapons.  Wheeled  trucks 
of  the  two- wheel-drive  type  with  medium  speed,  me- 
dium power  and  normal  weight,  carrying  anti-air- 
craft guhs,  directly  and  permanently  mounted  upon 
the  chassis 

Italian  Wheeled  trucks,  similar  to  the  German  ve- 
hicles as  anti-aircraft  gun  mounts.  Wheeled  trac- 
tors of  two-wheel-drive  type,  medium  power,  speed 
and  weight  for  hauling  heavy  weapons 

British  Rear  -  wheel  -  drive  trucks,  four  -  wheel  -  drive 
trucks  and  a  limited  number  of  the  heaviest  Amer- 
ican commercial  farm  caterpillflr«i  for  hRiilinc'  heaw 
weapons 

It  is  noted  that  these  three  nations  confined  themselves, 
for  the  most  part,  to  wheeled  vehicles,  which  at  ot»'v» 
limits  mechanical  artillery  transport  almost  en- 
tirely to  good  roads. 

French  While  using  four-wheel-drive  trucks  of  great 
power  and  mobility  throughout  the  war,  the  French 
finally  recognized,  in  1917,  the  necessity  and  advnn- 
tage  of  cross-country  mechanical  transport  a«  ''vt^ 
denced  by  their  development  of  platform  caterpillars 
for  carrying  their  155-mm.  howitzer  mounted  on  its 
wheeled    carriage,    and   for   towing   other   heavier 
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Draw-     Cargo       Speed,  m.p.h. 
bar        Capa- 


Pull,        city,  Mini-  Maxi- 
Vehicle IK tons  mum  mum 

Caterpillar  Tractors 

Tractor  cart*                         H«  1  4 

Tractor*                                ....             H  3  12 


Tractor* 

4,000 

2yi 

3 

Tractor* 

7,000 

5 

3 

Tractor* 

10,000 

10 

3 

Tractor* 
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B 


Tractor    caisson,     Mark 
VIP 

3>i 

IH 

«     4 

Tractor    caisson,    Mark 
VHP 

5 



.... 

Trailers 
Caterpillar  trailer*                

3 

.... 

Light  caterpillar  trailer*       

IH 

Wheel  Type  Vehicles 
Ordinary  standard  four- 
wheel  drive*                      8,000        3 

3 

12 

Light  four-wheel  drive*        

ItolH 

3 

16 

Heavy   motorcycle   with 
sidecar* 

M 

8 

.50 

Traaers 
Trailei* 
Trailer* 
TraUer* 

3 

4 
10 

.... 

*Propo6ed. 

'Under  test  and  developing. 

•Adopted. 
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GENERAL  SPECIFICATIONS 


Application Hprnarkw 

Calerpillar  Traclors 

Wire  reels;  heavy  machine  guns;     Operated  by  man  on  foot 
infantry  accompanying  gun 

Miscellaneous  pack  transpor-     Replaces  riding  horse  of  indi- 
tation;  heavy  machine  suns;         vidually  mounted  man 
mountain  ((uns;  replaces 
horse  for  individually  mount- 
ed men;  wire  reels 

75-mm.  gun;  light  field  howit- 
zer; reelcarts 

155-mm.  howitzer;  4.7-in.  gun; 
9.2-in.  and  24(>-inm.  howit- 
zer, breaking  into  3  loads 

8-in.  howitzer;  155  G.  P.  P.; 
9.2-in.  and  240-mm.  howit- 
zer, breaking  into  3  loads; 
salvage 

5-in.  and  6-in.  seacoast  and 
194-mm.  guns;  salvage 

Ammunition    transport    with     Replaces    caissons    in    heavy 
batterv;  155  G.  P.  F.  tractor        batteries 
hauled  or  tractor  mounted; 
army  artillery 


Not  thought  practicable,  due 
to  excessive  weight 


Trailers 

Ammunition    transport    with  Replaces  caissons  in  medium 

battenr;   4.7-in.   and   heav-  heavy  batteries 

ier  guns;  howitzers 

Ammunition     transport    with  Replaces  caissons  in  division 

battery;  .75-mm.  gun;  light  artillery 

field  howitzer 


Wheel  Type  Vehicles 


Army  and  corps  artillery;  all 

uses 
Divisional  artillery;  all  uses, 

including  ammunition  trains 


Trailers 


Transport  of  10-ton  tractors, 
etc.,  in  heavy  batteries 
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weapons;  of  cargo-carrying  caterpillars  for  ammu- 
nition and  other  supply  purposes;  and  of  self-pro- 
pelled caterpillar  gun  mounts  for  heavier  guns. 

The  superiority  of  the  caterpillar"  over  all  other  me- 
chanical prime  movers  across  country  may  be  realized 
when  we  consider  the  essential  features  embodied  in  its 
construction.  The  frame  supporting  the  powerplant  with 
the  necessary  power  transmission  members  is  mounted 
upon  small  wheels.  These  wheels,  instead  of  making 
direct  contact  with  the  ground,  travel  continuously  upon 
a  track,  the  rails  of  which  are  permanently  mounted 
upon  a  flat,  broad  surface.  This  surface  of  tread  corre- 
sponds with  the  sleepers  or  cross-ties  of  the  railroad 
and  is  of  such  width  as  to  secure  very  low  unit  pressures 
upon  the  ground.  The  track  with  its  tread  is  formed 
into  an  endless  belt  which  is  driven  by  a  sprocket  identi- 
cally as  is  the  bicycle  chain.  The  whole  vehicle,  there- 
fore, may  be  said  to  constitute  a  wheeled  mechanism 
which  lays  its  own  track  as  it  moves  over  the  ground. 
Further,  by  articulating  the  track  and  the  frames  or 
trucks  which  mount  the  wheels,  accurate  conformation 
to  the  varied  ground  surface  is  obtained,  a  feature  which 
further  insures  traction.  Again,  the  power  is  applied  in 
such  a  manner  that  an  individual  drive  is  assured  on 
each  of  the  two  tracks.  With  such  a  structure,  move- 
ment is  assured  over  very  soft  ground  owing  to  low  unit 
pressure,  which  is  usually  about  5  lb.  per  sq.  in.  The 
caterpillar  can  span  wide  gaps  or  ditches,  or  climb  steep 
slippery  grades.  The  grip  on  the  ground  or  traction 
is  secured  by  cleats  or  grousers  which  project  to  a  height 
of  approximately  3  in.  from  the  surface  of  the  treads. 
With  the  grousers  removed  the  caterpillars  do  not 
seriously  damage  hard  roads.  The  above  advantages 
make  the  caterpillar  the  only  logical  prime  mover  to 
replace  the  team  in  draft. 

The  progress  in  artillery  motorization  is  best  indicated 
by  the  recommendations  and  results  obtained  by  boards 
of  artillery  and  ordnance  officers.  These  recommenda- 
tions were  arrived  at  after  long,  careful  study,  test  and 
investigation,  not  only  in  the  laboratory  but  also  in  the 
field  under  simulated  and  actual  war  conditions.  The 
authority  in  each  case  is  given,  together  with  the  sub- 
stance of  the  recommendation  of  the  various  boards. 

Paragraph  51  of  War  Department  Special  Order  No. 
98,  1917,  appointed  a  board  to  "consider  the  question  of 
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motor  traction  for  field  artillery."     This  board^  recom- 
mended 

(1)  Motorization  of  the  4.7-in.  gnn 

(2)  Motorization  of  the  8-in.  howitzer 

(3)  Use  of  rubber  tires  on  all  field  artillery  material 

(4)  Formation  of  a  pool  of  30  artillery  tractors  for  each 
combat  division 

(5)  Sending  a  member  of  the  board  to  France  to  inves- 
tigate the  motorization  of  the  6-in.  howitzer 

These  recommendations  were  approved  by  the  Sec- 
retary of  War,  and  the  several  supply  departments  were 
directed  to  put  them  into  effect. 

The  result  of  the  investigation  in  France  was  para- 
graph 7,  Special  Order  No.  83,  General  Headquarters, 
A.  E.  F.,  1917,  appointing  a  board  to  ''consider  and 
report  upon  the  question  of  motor  transportation  for 
6-in.  howitzer  materiel." 

This  board  recommended 

(1)  Motorization  of  the  6-in.  howitzer 

(2)  Retention  of  the  divisional  tractor  pool 

(3)  Development  of  motor  transport  for  artillery  in  all 
forms 

These  recommendations  were  approved  by  the  Com- 
mander-in-Chief, A.  E.  F.,  in  paragraph  15,  cablegram 
No.  149,  to  the  Adjutant  General,  Sept.  11,  1917,  and 
the  supply  departments  were  directed  to  comply. 

Paragraph  69,  War  Department  Special  Order  No.  242, 
1917,  appointed  a  board  to  continue  the  work  of  the 
field  artillery  motor-traction  board  "to  consider  all 
questions  of  motor  traction  for  field  and  heavy  artillery." 

This  board  recommended  the  motorization  of 

(1)  The  6-in.  howitzer 

(2)  The  4.7-in.  gun 

(3)  The  9.2-in.  howitzer 

(4)  The  240-mm.  howitzer 

The  board  further  recommended 

(1)  Use  of  wheeled  trailers  in  certain  motorized  organ- 
izations for  rapid  transport  of  the  tractors 

(2)  Use  and  general  requirements  of  the  staff  observa- 
tion and  reconnaissance  cars 

These  recommendations  were  approved  by  the  Secre- 
tary of  War,  and  the  supply  departments  were  directed 
to  take  the  necessary  steps  to  comply  therewith. 

Based  upon  data  collected  by  the  above  boards,  the 
General  Staff  drew  up  tables  of  organization  for  motor- 
izing the  155  G.  P.  F.,  and  the  5  and  6-in.  seacoast 
converted  guns. 
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An  artillery  board  at  General  Headquarters,  A.  E.  F., 
after  practical  test-  recommended 

(1)  Motorization  of  50  per  cent  of  the  75-mm.  gun  reg- 
iments in  each  division 

(2)  Motorization  of  the  caisson  companies  of  the  am- 
munition train 

These  recommendations  were  approved  by  the  Com- 
mander-in-Chief, A.  E.  F,,  in  paragraph  1»  cablegram 
No.  1771,  Oct.  9,  1918. 

Weapons  of  various  sizes  have  also  been  placed  on 
experimental  self-propelled  caterpillar  mounts,  namely, 
the  75-mm.  gun,  the  155  G.  P.  F.,  the  8-in.  and  the 
240-mm.  howitzer. 

THE    DISCUSSION 

Col.  C.  L'H.  Ruggles: — The  Ordnance  Department  is 
much  indebted  to  Mr.  Dunham  for  the  presentation  of 
this  paper.  It  is  continuously  in  debt  to  many  prominent 
members  of  the  Society,  not  only  for  the  efficient  assist- 
ance they  gave  in  the  motorization  program  throughout 
the  war,  but  for  the  interest  they  have  taken  in  the  de- 
velopment of  artillery  motor  traction  now  that  the  war 
is  over.  We  must  not  lapse  into  a  false  feeling  of  secur- 
ity. Conditions  in  the  world  are  far  from  settled.  Many 
bitternesses  must  remain,  particularly  in  the  defeated  na- 
tions. Russia  is  an  unsolved  problem.  It  is  by  no  means 
impossible  that  new  combinations  of  nations  may  arise  to 
threaten  the  peace  of  the  world  again.  Therefore,  it  is 
incumbent  upon  this  Nation  to  keep  itself  prepared. 

The  problem  can  be  resolved  into  two  principal  factors, 
the  training  of  the  man  power  of  the  Nation  and  indus- 
trial preparedness.  It  is  the  duty  of  every  good  citizen 
not  only  to  do  his  share  to  improve  the  conditions  under 
which  we  live  but  to  see  to  it  that  proper  laws  are  passed 
by  our  representatives  in  Congress  to  insure  the  continu- 
ance of  real  freedom  and  to  deal  adequately  with  new 
conditions  as  they  arise.  Each  one  of  us  must  be  pre- 
pared to  defend  our  country,  its  institutions  and  its  laws, 
by  force  of  arms  against  foreign  enemies  or  enemies 
within  its  own  borders.  How  can  we  do  this  unless  each 
of  us  has  at  least  an  elementary  training  in  the  scientific 
use  of  military  arms  under  trained  direction?  Universal 
training  will  improve  our  young  men  physically;  it  will 
give  many  of  them  ideas  of  citizenship  and  discipline 
they  would  not  otherwise  have;  and,  with  adequate  indus- 
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tritti  prepareunesa^  ii  will  proviae  a  si^rong  arm  lor  our 
people  which  will  insure  them  from  aggression  from  any 
source  whatever. 

Of  the  two  factors  of  preparedness,  the  one  which  fur- 
nishes the  greater  problem  and  of  which  unfortunately 
we  hear  the  least,  is  the  factor  of  industrial  prepared- 
ness, the  munitions  problem.  In  a  war  between  powers 
of  the  first  magnitude,  all  the  industrial  resources  of  the 
nations  concerned  will  be  strained  to  the  limit  and,  should 
the  United  States  be  involved,  we  cannot  hope  again  to 
have  allies  that  will  hold  the  enemy  while  we  get  our  pro- 
duction of  war  material  started.  Therefore,  we  must  be 
prepared  with  a  reasonable  amount  of  munitions  on  hand, 
with  designs  of  new  materiel  embodying  all  the  latest 
improvements  in  the  military  art  perfected  and  ready  for 
issue  to  our  private  industrial  plants  at  a  moment's  no- 
tice ;  and  these  designs  should  admit  of  quantity  produc- 
tion in  the  shortest  possible  time  after  their  issue.  The 
Ordnance  Department  should  be  familiar  with  the  capa- 
bilities and  capacities  for  munitions  production  of  the 
various  plants  throughout  the  country,  have  plans  made 
showing  the  kinds  and  amounts  of  munitions  to  be  pro- 
duced at  the  various  plants,  and  endeavor  to  keep  the 
management  of  the  plants  and  the  engineers  of  the 
country  interested  in  and  informed  as  to  the  latest  wax 
material  designed  or  being  designed. 

At  present  we  are  fortunately  situated.  We  have  a 
large  amount  of  munitions  on  hand  which  are  as  modem 
as  any  used  during  the  war.  Our  manufacturers  are  now 
familiar  with  the  production  of  such  munitions,  and 
thousands  of  engineers  throughout  the  country  have 
served  in  the  Ordnance  Department,  while  thousands  of 
others  have  aided  in  the  production  of  munitions  in  the 
various  plants  throughout  the  country.  But  these  condi- 
tions will  change.  Certain  kinds  of  munitions,  such  as 
powders,  explosives,  fuses  and  grenades,  will  deteriorate, 
and  must  be  replaced.  Guns,  gun  carriages,  tractors, 
tanks  and  ammunition  will  become  obsolete  through  the 
development  of  new  and  improved  types,  and  younger 
men  will  take  the  place  of  the  engineers  and  manufac- 
turers who  have  served  the  country  in  and  out  of  the 
Ordnance  Department  during  the  war. 

The  technical  staff  of  the  Ordnance  Department  is 
charged  with  the  duty  of  establishing  and  maintaining 
a  liaison  with  the  engineering  societies  of  the  country,  to 
keep  alive  the  knowledge  of  and  the  interest  in  indus- 
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trial  preparedness  that  now  exists.  It  has  made  a  most 
satisfactory  beginning  in  this  work  with  the  Society  of 
Automotive  Engineers  which,  at  the  request  of  the  Ord- 
nance Department,  has  appointed  a  committee  to  consult 
with  the  Department  and  advise  as  to  the  suitability  of 
its  designs,  not  only  with  respect  to  military  require- 
ments but  also  with  regard  to  the  production  features, 
as  it  would  be  folly  to  produce  designs  on  paper  that 
cannot  be  manufactured  rapidly  by  commercial  plants 
when  emergencies  arise.  The  appointment  of  this  com- 
mittee is  an  assurance  to  the  Department  that  it  will  not 
unknowingly  deviate  widely  in  its  designs  from  good 
commercial  practice,  and  that  through  the  members  of 
the  committee  the  Department  will  be  kept  advised  con- 
stantly as  to  the  improvements  in  the  automotive  art 
applicable  to  military  types.  This  committee  has  already 
had  two  meetings  with  officers  of  the  Ordnance  Depart- 
ment; one  at  Washington,  and  the  other  at  the  Rock 
Island  Arsenal  and  Peoria.  Both  meetings  have  been  of 
great  assistance  to  the  Department  and  increasing  benefit 
from  meetings  is  expected  as  the  Department  progresses 
with  the  development  of  its  new  designs  and  the  tests 
of  experimental  materiel.  It  is  expected  to  hold  joint 
sessions  of  the  committee  and  officers  of  the  Ordnance 
Department  every  two  or  three  months. 

J.  L.  Breese: — Referring  to  Table  I  and  the  values 
given  for  the  pressure  per  square  inch  on  hard  and  in 
soft  ground,  are  the  surfaces  dependent  upon  the  amount 
of  penetration  ? 

COL.  L.  B.  Moody:— Yes.  In  Figs.  22  to  25  details  are 
given.  The  shorter  the  contact  with  the  ground,  the 
easier  the  steering  becomes.  Generally  speaking,  while 
the  pressure  on  some  of  these  machines  may  run  high  on 
macadam  roads,  that  is  not  an  objection.  Our  general 
specification  is  to  the  effect  that  the  vehicle  shall  not  sink 
into  the  ground  to  an  extent  that  will  interfere  with 
steering  and  that  the  ground  pressure  shall  not  exceed 
5  lb.  per  sq.  in.  Some  of  the  war  vehicles  reached  7  lb. 
per  sq.  in.  This  is  not  excessive;  5  lb.  per  sq.  in.  is  about 
a  fair  compromise. 

Mr,  Breese  : — Four  speeds  and  maximum  torque  at 
zero  speed  are  desirable.  This  suggests  the  steam  engine. 
Has  anything  been  done  along  this  line? 

Colonel  Moody: — The  steam  engine  was  tried  in  one 
of  the  tanks  with  the  idea  of  obtaining  maximum  torque 
with  minimum  horsepower.    We  continued  the  use  of  the 
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mechanical  transmission  according  to  the  consensus  of 
the  manufacturers'  opinions. 

John  Younger: — The  keynote  of  this  paper  is  a  plea 
that  the  lessons  of  the  war  should  not  be  forgotten  in 
times  of  peace,  and  that  we  should  be  preparing  con- 
stantly for  the  next  war.  There  will  be  a  next  war. 
During  the  last  war  a  sword  was  hanging  over  us;  as 
soon  as  this  was  taken  away,  the  dollar  took  its  place  and 
all  of  us  seem  to  be  reaching  out  for  that  dollar,  un- 
mindful that  the  sword  may  return.  We  have  a  ten- 
dency now  to  forget  Washington.  We  must  overcome 
that.  We  must  realize  that  the  lessons  learned  dur- 
ing our  connection  in  Washington  must  be  remem- 
bered in  times  of  peace,  when  we  have  time  to  think  them 
out.  They  should  be  taken  to  ourselves  and  studied;  we 
should  keep  not  a  fixed  but  a  flexible  policy,  looking 
ahead  and  educating  ourselves.  The  last  war  was  a  war 
of  engineers ;  the  next  war  will  be  a  war  of  engineers.  It 
will  be  a  greater  war,  and  it  is  only  by  the  aid  of  engi- 
neers that  the  Army  can  meet  the  expansion  necessary 
for  war. 

L.  W.  Chase: — I  believe  that  much  greater  sympathy 
should  be  shown  toward  the  War  Department.  I  was 
sufficiently  close  to  the  tractor  section  while  in  Wash- 
ington to  absorb  many  ideas  on  this  subject.  There 
should  be  some  means  whereby  the  farmer  and  the 
manufacturer  can  attain  closer  contact  with  the  Ordnance 
Department,  especially  regarding  the  tractor  situation. 
The  tractor  is  an  agricultural  machine.  The  agricul- 
tural public  absorbs  this  machine.  I  have  hoped  that 
some  line  of  tractor  manufacturing  due  to  our  war  ex- 
perience would  be  developed  that  would  aid  the  agri- 
cultural public.  I  believe  data  are  filed  in  Washington 
whereby  the  Ordnance  Department  could  publish  the  re- 
sults of  many  tests  that  it  has  made,  through  organi- 
zations similar  to  our  Society.  Even  if  the  results  of 
those  tests  caused  the  abandonment  of  the  tractors  under 
test,  the  results  would  aid  the  manufacturers  who  are 
now  making  or  contemplate  making  track-layer  types. 
I  have  used  every  opportunity  to  inspire  greater  public 
enthusiasm  in  the  benefits  now  being  developed  by  the 
United  States  Army  for  civilian  purposes  and  I  feel  that 
we  should  all  do  this. 

In  the  case  of  the  Ordnance  Department,  working  as  it 
does  day  and  night,  through  storms  and  mud,  to  de- 
velop its  tractors,  there  must  be  many  data  relative  to 
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the  comparative  wearing  values  of  various  materials, 
the  effect  of  weight  on  tractor  tracks,  etc.  If  this  could 
be  made  available  to  the  manufacturers,  the  expense  of 
their  learning  what  may  be  known  already  by  the  War 
Department  could  be  avoided. 

I  think  that  the  farmers  will  not  demand  over  4  m.p.h. 
from  a  tractor.  They  are  sufficiently  accustomed  to 
trucks  to  demand  speed  from  them,  but  they  will  use 
the  tractor  for  field  purposes  only.  Except  for  that  point 
in  the  design  of  tractors  and  tanks,  it  appears  to  me 
that  the  Ordnance  Department  could  utilize  the  agricul- 
tural and  manufacturing  fields  in  determining  many 
wearing  qualities.  This  agricultural  application  may 
seem  visionary,  but  it  might  be  made.  I  hope  that  funds 
will  be  made  available  so  that  the  Ordnance  Department 
can  always  be  in  advance  of  anything  used  commer- 
cially. 

H.  C.  BuPPiNGTON : — Ordnance  requirements  have  con- 
stituted one  of  the  greatest  caterpillar-tractor  prob- 
lems. The  industrial  tractor  business  is  very  attractive, 
but  the  company  I  represent  is  designing  its  machines 
so  that,  in  case  of  emergency,  such  parts  as  are  neces- 
sary will  convert  the  industrial  tractor  into  the  Ord- 
nance Department  type.  Thus  far  we  believe  we  have 
been  successful,  although  there  are  many  problems  con- 
nected with  caterpillar  or  track-laying  tractors  that  are 
very  vexing,  such  as  differences  in  the  center  of  gravity 
when  climbing  and  when  going  down  hills,  unit  pressure 
on  the  ground,  resistance  to  turning,  etc.  These  are 
very*  important  and  must  be  solved  by  a  compromise 
that  will  suit  war  conditions.  The  track  itself  is  the 
greatest  problem  today.  Imagine  a  heavy  railroad  train 
passing  over  a  rail  and  the  rolling-out  effect  it  has  upon 
the  rail.  This  may  split  the  rail,  although  the  train 
passes  over  it  only  several  times  daily.  The  track  of 
the  caterpillar  tractor  is  subjected  to  this  rolling-out 
effect  continuously  during  its  operation  and  some  trac- 
tors operate  day  and  night  for  weeks.  The  Ordnance 
Department  is  developing  the  track  itself,  as  well  as  the 
tractor,  and  the  engineers  of  this  Society  should  do 
likewise. 

G.  R.  Pennington  :— As  one  of  the  Ordnance  Depart- 
ment engineers  I  wish  to  suggest  a  practical  means  of 
cooperation  between  members  of  the  Society  and  that 
Department.  Frequently  those  engaged  in  tractor  design 
have  promising  ideas  which,  due  to  press  of  other  duties 
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or  lack  of  experimental  equipment,  they  are  prevented 
from  developing  themselves.  If  these  ideas  are  sent  to 
the  tank,  tractor  and  trailer  division  of  the  Ordnance 
Department,  they  will  be  studied  and,  if  believed  prac- 
ticable and  applicable  to  military  vehicles,  this  division 
may  be  able  to  carry  out  the  actual  development  and 
test  of  such  ideas.  Full  details  of  the  studies  made  and 
the  results  obtained  will  be  given,  so  that  the  origin- 
ators will  become  as  familiar  with  the  possibilities  of 
their  ideas  as  though  they  had  developed  them  at  their 
own  expense.  The  Government  will  at  the  same  time 
acquire  ideas  useful  in  its  design  work  and  thus  both 
will  be  benefited. 

Dent  Parrett  : — I  understand  that  one  of  the  objects 
of  this  paper  is  to  bring  out  a  discussion  as  to  whether 
it  is  advisable  for  the  Ordnance  Department  to  develop 
its  own  line  of  engines  or  use  the  commercial  engines. 
I  have  given  the  matter  some  thought.  It  appears  to 
me  that  a  commercial  engine  should  be  used.  However, 
the  larger  size  of  tractor  offers  another  problem.  I 
know  of  no  commercial  firm  using  engines  of  a  type 
which  would  be  adaptable  to  it. 

D.  M.  Ferguson: — Investigations  have  been  made 
with  reference  to  the  application  of  regular  commercial 
engines  to  artillery  vehicles.  It  has  been  found  to  date 
that  it  is  necessary  to  make  certain  modifications  to 
suit  that  application.  Some  manufacturers  are  making 
use  of  the  knowledge  gained  during  the  war  in  the  re- 
vision and  designing  of  engines  to  apply  to  artillery 
vehicles,  but  in  most  instances  those  designs  are  merely 
experimental.  Only  one  or  two  companies  are  actually 
building  engines  for  artillery  installation. 

LiEUT.-Ck)L.  L.  H.  Campbell: — There  is  one  other 
point  of  development,  self-propelled  caterpillar  gun- 
mounts.  We  take  guns  of  various  calibers,  up  as  high 
as  a  91/i-in.  howitzer,  and  mount  them  on  a  special  form 
of  tractor.  The  tractor  must  be  of  a  special  design  on 
account  of  the  heavy  firing  loads  we  have  to  care  for. 
In  the  case  of  the  9i/2-in.  howitzers,  that  load  will  run 
up  in  some  cases  as  high  as  200,000  lb.  With  our  lighter 
guns,  such  as  the  75  mm.,  the  load  is  small,  17,000  lb. 

Regarding  the  cooperation  of  this  Society  with  the 
Ordnance  Department,  before  I  entered  the  Department 
I  had  the  idea  that  the  Ordnance  Department  knew  it 
all  and  that  they  knew  they  knew  it  all.    Since  becom- 
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ing  a  member  of  it  I  know  its  attitude  is  absolutely  the 
opposite.  Within  the  last  few  weeks  we  went  out  with 
a  special  committee  of  this  Society  for  three  days.  I 
learned  more  from  these  men  about  this  business  than 
I  ever  knew  before.  I  worked  with  ideas  that  I  never 
dreamed  of  before.  The  Society  can  give  us  a  thousand 
more  of  the  same  kind.    We  want  them. 

Regarding  the  engine  proposition,  the  best  thing  the 
Ordnance  Department  can  do  is  to  tie  up  with  some  en- 
gine builders.  If  we  could  establish  connections  with 
some  manufacturers  and  let  them  develop  the  engine  for 
us,  then,  as  improvements  are  made,  such  as  another 
type  of  valve,  they  will  keep  our  engines  up-to-date. 
Thus,  when  twenty  years  pass  and  the  next  war  comes, 
our  engines  will  not  be  twenty  years  old.  Let  us  tie  up 
with  the  civilian  manufacturers. 

George  W.  Dunham: — There  is  a  crying  need  for 
some  workable  scheme  to  provide  a  consistent  and  sat- 
isfactory line  of  engines  that  can  be  readily  obtained  for 
military  purposes.  I  spent  much  time  at  Washington 
during  the  war  and  have  seen  the  conditions  as  they 
exist,  have  talked  with  the  men  doing  the  actual  work 
and  appreciate  the  great  magnitude  of  the  problems  they 
have  to  solve.  There  is  still  a  big  work  to  be  done  in 
connection  with  military  motorization. 

The  latter  part  of  my  paper  sums  up  the  whole  sub- 
ject as  I  see  it.  There  is  no  doubt  that  the  military 
authorities  v^ould  prefer  a  commercial  engine  if  they 
can  get  it.  If  commercial  engines  are  not  available,  it 
is  essential  that  the  Ordnance  Department  go  in  for  de- 
velopment. It  must  have  engines  suitable  for  its  pur- 
poses. The  military  people  might  modify  their  ideas 
somewhat  and  some  of  the  manufacturers  might  modify 
the  structure  of  the  production  somewhat,  in  this  way 
making  commercial  product  for  military  use  an  accom- 
plished fact.  It  is  a  tremendous  task  to  put  anything 
new  into  production  on  short  notice,  even  though  there 
is  an  unlimited  amount  of  money  and  effort  available. 
So  the  Army  must  have  a  suitable  and  preferably  a  con- 
sistent line  of  designs  of  engine.  The  same  thing  holds 
true  in  the  case  of  the  complete  vehicles.  The  question 
is  how  to  bring  this  about.  No  mechanism  as  compli- 
cated as  motorized  equipment  can  be  developed  and  put 
into  production  quickly. 

President  J.  G.  Vincent: — In  connection  with  aircraft 
and  motor-truck  problems,  everything  these  officers  have 
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said  about  the  possibilities  of  getting  proper  engines 
quickly  applies  equally  and  more  forcefully  to  them. 

Many  of  the  Air  Service  officers  feel  that  to  be  sure 
of  obtaining  engines  in  a  time  of  stress  they  must  com- 
mercialize aviation.  In  some  way,  engineers  must  also 
be  developed  so  that  they  will  be  in  existence  when  the 
call  comes  for  them. 

E.  A.  Johnston: — During  the  preparations  for  war, 
I  was  called  upon  to  look  over  many  specifications  cover- 
ing tanks  and  other  automotive  war  equipment.  While 
the  company  I  represented  was  willing  and  anxious  to 
undertake  all  of  this  war  work  which  it  could  handle, 
we  were  unable  to  make  satisfactory  progress  because 
the  designs  were  radically  different  in  many  respects 
from  our  standard  product.  It  will  be  difficult  to  ob- 
tain the  best  possible  results  if  it  shall  be  necessary  to 
depend  upon  commercial  engine  designs  for  war  equip- 
ment, on  account  of  special  requirements. 

I  believe  that  tractors  developed  for  agricultural  pur- 
poses will  prove  unsatisfactory  for  war  purposes,  and 
vice  versa.  The  automotive  industry  has  great  numbers 
of  standard  machine  tools  of  all  descriptions,  but  a  lim- 
ited capacity  for  producing  patterns,  dies,  jigs,  tools  and 
fixtures.  Consequently,  if  the  War  Department  could 
design  special  equipment  to  meet  its  conditions  and  would 
also  design  jig,  die,  tool  and  pattern  equipment,  keeping 
this  equipment  up-to-date,  it  would  be  a  comparatively 
simple  matter  for  the  automotive  industry  to  get  into 
production  in  a  comparatively  short  time. 

A.  B.  Browne: — Experience  with  the  procurement 
division  of  the  Army  demonstrated  that  vehicles  built  to 
Government  standards  were  really  the  easiest  of  produc- 
tion, after  the  period  necessary  for  tooling-up  had 
passed.  Although  the  standardization  program  advo- 
cated at  the  beginning  of  hostilities  was  afterwards 
abandoned  in  part  for  the  utilization  of  existing  types 
of  vehicles,  this  was  very  largely  due  to  the  fact  that  the 
demands  of  the  Army  were  such  that  the  requisite  pe- 
riod of  tooling-up  for  production,  and  the  equally  nec- 
essary period  of  testing,  could  not  be  permitted.  As  an 
alternative,  selections  were  made  from  among  the  better 
type  of  commercial  trucks  and  such  slight  modifications 
were  made  as  were  necessary  to  adapt  them  to  Army 
use.  It  is  to  the  credit  of  the  manufacturers  that  they 
willingly  supplied  their  working  drawings  of  these  trucks 
for  use  by  separate  sources  of  supply,  and  thereafter  as 
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little  difficulty  was  experienced  in  obtaining  the  neces- 
sary production  as  was  the  case  with  the  Army  stand- 
ardized vehicles.  At  one  period,  it  seemed  that  it  was 
about  to  become  necessary  to  take  over  all  the  avail- 
able truck-producing  capacity  of  this  country.  A  seri- 
ous drawback  to  this  program  was  encountered,  however, 
in  the  fact  that  assemblers  of  many  different  vehicles 
used  the  same  units  in  their  construction;  hence  produc- 
tion was  seriously  limited  by  the  capacity  of  the  various 
parts  makers. 

In  considering  a  future  program,  it  should  be  borne  in 
mind  that,  when  an  emergency  arises,  there  is  no  time  in 
which  to  develop  new  models.  From  five  to  seven  months 
is  necessary  to  tool-up  for  a  new-model  truck,  and  few 
manufacturers  would  have  the  temerity  to  place  a  new 
model  on  the  market  without  having  road-tested  it  for 
from  six  months  to  a  year.  It  would  seem,  there- 
fore, very  necessary  for  the  Army  to  accommodate  itself 
to  existing  models.  Whether  these  models  should  be 
strictly  of  Army  design,  or  selected  from  existing  com- 
mercial designs,  is  a  question  for.  serious  thought.  Im- 
provement in  automotive  engineering  is  so  rapid  that 
Government  standards  would  have  to  undergo  continual 
change  to  keep  abreast  of  the  times.  Commercial  stand- 
ards, on  the  other  hand,  are  kept  continually  up-to-date, 
but  it  should  not  be  forgotten  that  advancement  in  de- 
sign, like  any  other  change,  continually  renders  obsolete 
many  stock  parts.  Hence,  in  view  of  all  conditions,  it 
would  seem  desirable  for  the  Army  to  maintain  as  small 
an  equipment  of  trucks  and  other  automotive  apparatus 
as  is  consistent  with  actual  necessity,  and  that  a  trained 
engineering  staff  in  each  branch  of  the  Army  keep  con- 
tinually in  touch  with  the  latest  developments,  so  that 
production  might  be  concentrated  on  the  fewest  possible 
number  of  types  in  case  of  emergency.  While  it  is  true 
that  an  equal  length  of  time  would  be  required  for  a 
second  source  of  supply  to  tool-up  for  the  manufacture 
of  an  existing  commercial  type,  the  test  period  would  be 
obviated  and  the  Army  would  have  immediate  advantage 
of  the  existing  production  which,  from  the  fact  that  it 
did  represent  the  latest  development,  would  undoubted- 
ly already  be  of  large  capacity.  This  country  has  dem- 
onstrated its  wonderful  production  capacity,  and  it  is 
in  my  opinion  safe  to  depend  upon  this  resource  with  the 
utmost  confidence. 

The  statement  that  it  is  the  desire  of  the  Army  to 
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keep  civilian  engineers  in  close  touch  with  its  conditions 
is  most  commendable.  In  the  recent  war,  the  most  se- 
rious handicap  imposed  upon  the  automotive  engineers 
was  their  unfamiliarity  with  military  requirements. 
They  knew  the  job  fairly  well,  but  did  not  know  what  the 
Army  needed.  If  this  information  was  available,  it  was 
not  placed  in  possession  of  those  who  were  engaged  in 
the  procurement  of  automotive  material  until  well  into 
the  year  1918.  Once  known,  its  effects  were  immediate, 
and  from  June  1  until  Nov.  11,  1918,  the  production  of 
trucks  for  Government  use  exceeded  the  former  maxi- 
mum output  by  over  400  per  cent. 

W.  S.  Nathan: — I  am  interested  in  the  engine  re- 
quirements of  the  Ordnance  Department,  especially  in 
the  400-hp.  unit.  Has  the  idea  of  multi-engine  equip- 
ment been  considered?  Would  it  be  advisable  to  take, 
say,  45  or  60-hp.  engines  of  commercial  make  and  incor- 
porate them  in  a  standard  design  of  tractor ;  in  that  way 
securing  reliability  and  the  advantage  of  being  able  to 
utilize  commercial  equipment? 

Colonel  Rugglbs: — One  difficulty  of  having  the  Gov- 
ernment adopt  a  special  design  of  engine  and  then  make 
jigs  and  tools  for  it  is  the  numbers  of  jigs  and  tools  we 
have  to  have  ready.  Another  very  important  factor  is 
the  keeping  of  the  engine,  jigs  and  tools  up-to-date.  I 
believe  we  cannot  persuade  Congress  to  permit  us  to 
make  jigs  and  tools  every  two  years.  Congressmen 
would  want  to  know  where  the  old  jigs  and  tools  were 
and  why  they  would  not  serve.  We  would  be  hopelessly 
behind  the  times. 

We  must  adopt  some  engine  that  is  of  a  commercial 
type  or  get  the  commercial  firms  to  adopt  our  engine  and 
keep  it  up-to-date.  Enough  has  been  said  in  the  various 
discussions  to  indicate  what  a  tremendous  problem  indus- 
trial preparedness  is.  It  is  too  much  for  a  handful  of 
officers.  It  is  not  a  problem  for  military  people  only;  it 
is  the  problem  of  every  American  citizen.  Unfortunately, 
many  people  in  this  country  think  that  if  we  have  men 
we  have  an  army.  That  is  a  mistake.  The  men  are  born 
at  least  eighteen  or  twenty  years  before  a  war,  but  the 
munitions  have  to  be  born  at  the  time  of  the  war,  be- 
cause, unfortunately,  our  country  will  not  consent  to 
carry  on  hand  a  large  supply  of  munitions.  The  best  we 
can  hope  to  do  is  to  have  our  designs  perfected,  our  plans 
well  thought  out,  our  factories  prepared  and  our  engi- 
neers trained,  so  that  we  can  get  into  war  production  at 
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The  problem  is  too  great  for  the  Ordnance  Department 
alone.  We  hope  to  present  all  the  problems  so  that  the 
whole  Society  will  know  just  what  the  difficulty  is  and 
what  progress  is  being  made.  It  is  a  question  of  educat- 
ing the  people  to  act  through  Congress  to  keep  the  coun- 
try prepared. 


DECREASING  UNSPRUNG   WEIGHT  BY 
THE  USE  OF  ALUMINUM 

By  A  H  Edgerton^ 

Stating  the  desirability  of  reducing  unsprung  weight 
in  motor  vehicles  as  a  recognized  fact  and  that  75  of 
100  engineers  interviewed  favor  such  reduction,  the 
particular  advantages  resulting  are  given  as  improved 
riding  qualities,  economy  in  tire  wear  and  better  accel- 
eration. Mathematical  deductions  to  establish  the 
most  desirable  ratio  of  sprung  to  unsprung  weight  are 
not  attempted,  the  intention  being  rather  to  state  the 
reasons  favoring  lighter  wheels  and  axles.   * 

Unsprung  weight  effects  depend  primarily  upon  the 
ratio  of  sprung  to  unsprung  weight.  No  data  determin- 
ing the  most  desirable  ratio  are  available,  but  an 
investigation  of  the  proportional  weight  of  the  un- 
sprung and  sprung  parts  of  good-riding-quality  auto- 
mobiles showed  it  to  be  about  1  to  3.  By  constructing 
the  wheels  and  the  axles  of  light  metal  it  is  possible 
to  maintain  such  a  ratio,  assure  good  riding  qualities 
and  reduce  the  total  weight. 

Laboratory  and  road  tests  prove  that  more  mileage 
can  be  obtained  from  a  light  than  from  a  heavy  wheel. 
A  comparative  test  was  made  between  an  aluminum 
and  a  steel  wheel  mounted  at  opposite  ends  of  the 
same  rear  axle  of  a  truck,  each  equipped  with  a 
36  X  6-in.  tire.  Running  on  the  surface  of  a  drum 
having  cleats  to  cause  shock,  the  tires  and  wheels  were 
subjected  to  a  total  of  6,009,300  impacts.  The  steel- 
wheel  tire  showed  deep  cracks,  but  that  on  the  alum- 
inum wheel  only  small  fractures ;  there  was  no  trace  of 
any  metal  fatigue. 

By  decreasing  the  wheel  and  axle  weight,  the  inertia 
that  must  be  overcome  in  accelerating  is  reduced  pro- 
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portionately.  In  the  test  described,  the  moment  of  in- 
ertia of  the  aluminum  wheel  was  53  and  that  of  the 
steel  wheel  123.  The  force  needed  to  produce  a  given 
angular  velocity  of  the  wheels  in  a  given  time  is  di- 
rectly proportional  to  the  moments  of  inertia  of  the 
wheels.  It  follows  that  an  aluminum  wheel  consumes 
less  power  in  attaining  its  angular  velocity  than  a 
wheel  of  the  same  mass  distribution  but  of  greater 
weight. 

The  desirability  of  reducing  the  unsprung  weight 
in  motor  vehicles  is  a  recognized  fact.  Statistics  re- 
cently gathered  indicate  that  75  of  100  engineers  in- 
terviewed on  this  subject  favor  the  reduction  of  un- 
sprung weight,  15  expressed  themselves  as  not  knowing, 
while  the  remaining  10  per  cent  would  not  commit 
themselves.  With  so  great  a  proportion  favoring  the 
reduction  of  unsprung  weight  we  may  ask  what  are  the 
particular  advantages  to  be  secured?  We  find  that  the 
most  important  ones  are  improved  riding  qualities, 
economy  in  tire  wear  and  better  acceleration.  No  attempt 
will  be  made  in  this  paper  to  present  mathematical  deduc- 
tions which  establish  the  most  desirable  ratio  of  sprung 
to  unsprung  weight.  The  intention  is  rather  to  intro- 
duce a  few  arguments  in  favor  of  lighter  wheels  and 
axles. 

Improved  Riding  Qualities 

An  automobile  body  virtually  floating  in  space  and 
insulated  from  the  vibratory  action  set  up  by  the  road 
irregularities  would  be  ideal.  The  less  the  unsprung 
weight,  the  less  the  energy  to  be  absorbed  by  the  springs 
for  a  given  road  shock  and  the  less  the  sprinig  flexure. 
An  ideal  spring  would  have  such  resilient  qualities  that  it 
would  absorb  and  respond  to  the  slightest  shocks  and  at 
the  same  time  possess  such  strength  and  have  so  wide  a 
range  of  movement  that  it  would  absorb  the  maximum 
shocks.  Numerous  spring  types  have  been  offered  as 
the  solution  of  the  spring-suspension  problem,  but  with 
every  type  the  fact  is  recognized  that  the  effects  of  the 
unsprung  weight  depend  primarily  upon  the  ratio  of 
sprung  to  unsprung  weight. 

There  are,  to  my  knowledge,  no  data  that  determine  the 
most  desirable  ratio  of  sprung  to  unsprung  weight.  An 
investigation,  however,  of  the  proportional  weight  of  the 
unsprung  and  sprung  parts  of  cars  generally  considered 
as  possessing  good  riding  qualities  show  that  the  ratio 
is  about  1  to  3.    On  a  car  weighing  2600  lb.  and  with  a 
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1  to  3  ratio,  the  unsprung  weight  would  be  650  lb.  If 
the  total  weight  of  the  car  is  reduced  to  2000  lb.  and  the 
same  ratio  maintained,  the  unsprung  weight  would  be 
500  lb.  It  is  safe  to  assume  that  the  weight  of  the 
lightest  wheel  in  general  use,  including  its  tire  equip- 
ment, is  75  lb.,  or  300  lb.  for  the  four  wheels.  In  a  car 
weighing  2000  lb.  and  having  the  ratio  of  unsprung  to 
sprung  weight  mentioned,  only  200  lb.  of  material  can 
be  used  in  the  axles.  It  is  impossible  to  make  two  axles 
weighing  only  200  lb.  out  of  any  material  now  on  the 
market  other  than  aluminum  for  a  car  weighing  2600  lb. 
If  a  lighter  material  is  used  in  the  construction  of  the 
wheels,  a  more  liberal  weight  will  be  allowed  for  the 
axles  and  their  parts.  By  constructing  both  the  wheels 
and  the  axles  of  light  metal,  it  is  within  the  range  of  pos- 
sibility to  maintain  the  ratio  mentioned,  assure  the  de- 
sired riding  qualities  of  the  car  and  at  the  same  time 
reduce  the  total  weight  to  2000  lb. 

It  has  been  shown  by  mathematical  calculations  that 
it  is  possible  to  improve  the  riding  qualities  of  a  car  by 
reducing  the  unsprung  weight.  The  body  or  load  of  a 
vehicle  can  be  suspended  to  advantage  when  the  wheel  is 
kept  in  contact  with  the  ground.  The  higher  the  ratio  of 
sprung  to  unsprung  weight  and  the  lighter  the  wheel,  the 
better  the  riding  qualities  of  the  car  become.  To  attain 
ideal  riding  qualities  the  springs  should  be  designed  to 
afford,  sufficient  amplitude  of  deflection  to  cause  the 
wheels  to  follow  the  contour  of  the  road  irregularities. 
This  can  only  be  obtained  in  theory  by  infinitely  flexible 
springs,  but  in  practice  the  flexibility  of  the  spring  mo- 
tion must  be  restricted  so  that  the  spring  may  perform 
its  functions  without  necessitating  too  much  clearance 
between  the  spring  and  the  frame.  For  a  given  suspen- 
sion range  the  best  spring  is  that  which  has  the  slowest 
periodicity,  this  depending  upon  the  difference  between 
the  unloaded  and  loaded  camber  of  the  spring. 

As  we  increase  the  speed  of  an  empty*  truck,  we  find 
that  road  adherence  becomes  unfavorable  and  that  shocks 
and  vibrations  of  such  empty  trucks  cause  rapid  deteri- 
oration. These  shocks  and  vibrations  frequently  are  re- 
sponsible for  the  loss  of  time  for  examination  and  re- 
pairs to  the  parts.  For  trucks  employed  in  rural  trans- 
portation work,  where  heavy  loads  at  high  speeds  are 
required,  there  is  no  better  way  to  prevent  the  rapid 
deterioration  of  the  engine  than  to  safeguard  it  by  at- 
taining better  riding  qualities. 
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If  we  consider  the  total  sprungr  weight  of  a  truck  as  a 
mass  which  must  be  held  in  balance,  we  must  find  a  value 
for  the  unsprung  weight  that  will  allow  the  springs  to 
absorb  the  normal  vibrations  and  hold  the  body  in  a  per- 
fect poise.  If  the  designer  establishes  the  weight  re- 
quired in  the  body  to  keep  the  wheels  in  contact  with  the 
road,  the  springs  will  tend  to  function  as  a  means  of 
keeping  the  wheel  in  constant  contact  with  the  road  in 
the  same  way  that  a  valve-spring  keeps  the  valve 
follower  in  contact  with  the  cam.  There  is  no  doubt  that 
the  day  will  come  when  automotive  engineers  will  estab- 
lish the  best  ratio  of  sprung  to  unsprung  weight,  and 
that  they  will  then  specify  the  weight  of  the  wheel  and 
the  axle  for  any  particular  truck. 

One  of  the  recent  interesting  developments  pertinent  to 
the  reduction  of  unsprung  weight  is  that  of  the  aluminum 
truck  wheel.  Both  disk  and  spoke-type  wheels  have  been 
built  which  are  from  50  to  60  per  cent  lighter  than  wood 
or  steel  wheels.  Extensive  road  and  laboratory  tests  indi- 
cate that  the  new  wheel  possesses  all  the  desirable  fea- 
tures claimed  for  the  wood  or  steel  wheel  and  in  addition 
embodies  certain  very  important  advantages  not  pos- 
sessed by  either  of  the  existing  types.  A  reduction  of 
50  per  cent  in  weight  was  made  in  one  case  of  an  alumi- 
num wheel  for  use  on  the  front  axle  of  a  3-ton  truck  as 
compared  with  a  wood  wheel  and  the  lightest  steel  that 
could  be  found  for  the  same  service.  Another  interesting 
reduction  in  weight  was  found  in  a  rear-axle  housing 
that  was  redesigned  for  the  use  of  aluminum  and  in 
which  a  saving  of  38  per  cent  was  attained  without  sacri- 
ficing the  strength  of  the  axle  in  any  way. 

Economy  in  Tire  Wear 

It  has  been  proved  that  more  mileage  can  be  obtained 
from  a  light  wheel  than  from  a  heavy  one.  This  state- 
ment is  supported  by  both  laboratory  and  road  tests.  The 
road  test  covers  a  period  of  4  years.  The  comparison  was 
made  on  two  trucks  of  the  same  model  and  design  both 
operating  under  similar  conditions.  One  truck  was 
equipped  with  extremely  light  wheels;  the  other,  with 
heavy  wood  wheels.  The  latter  were  of  a  conventional 
design  and  the  standard  equipment  for  the  truck.  During 
this  period  of  4  years  three  sets  of  tires  were  completely 
worn  out  on  the  truck  with  the  heavy  wheels,  but  the 
one  with  the  lighter  wheels  is  still  runing  on  its  second 
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set  of  tires,  and  judging  from  the  last  report  the  tires 
are  good  for  a  great  many  more  miles. 

The  laboratory  test  was  conducted  to  determine  what 
effect  a  high  vibrating  action  or  constant  pound  would 
have  upon  the  tire  and  the  wheel.  An  aluminum  wheel 
weighing  82  lb.  equipped  with  a  36  by  6-in.  tire  was 
mounted  on  one  end  of  the  rear  axle  of  a  truck.  On  the 
other  side  of  the  truck  a  steel  wheel  with  similar  tire 
equipment  weighing-  248  lb.  was  mounted.  The  truck 
was  then  set  up  on  a  test  stand  which  brought  the  wheels 
in  contact  with  a  large  cast-iron  drum  16  ft.  in  circum- 
ference. Cleats  %  in.  high,  and  spaced  about  4  ft.  apart, 
were  bolted  across  the  face  of  this  drum.  The  truck  was 
secured  with  chains  and  staybolts  against  forward  and 
lateral  movements  and,  as  the  drum  was  free  to  rotate, 
it  was  possible  to  drive  the  truck  under  its  own  power  and 
at  a  speed  to  attain  a  very  severe  pound  on  the  wheel  and 
tire.  A  run  of  500  miles  was  made  at  a  speed  of  15 
m.p.h.  At  the  conclusion  of  this  test  it  was  found  that 
the  tire  on  the  steel  wheel  showed  deep  cracks  across  the 
face.  These  cracks  were  6  to  8  in.  apart  and  in  one  in- 
stance the  fracture  penetrated  .the  entire  depth  of  the 
tire.  The  tire  on  the  aluminum  wheel  had  small  fractures 
around  both  outer  edges  or  corners  of  the  tire.  These 
were  about  %  in.  wide  and  2  in.  long,  but  the  central 
portion  of  the  tire  remained  as  good  and  as  solid  as  at 
the  beginning  of  the  test.  The  tires  and  wheels  were  sub- 
jected to  19,800  impacts  per  wheel  per  hour,  or  a  total  of 
6,009,300  impacts  for  the  whole  test.  It  should  be  added 
here  that  the  truck  was  loaded  to  its  capacity  during  the 
test. 

At  the  conclusion  of  the  test  a  careful  examination  of 
the  wheels  revealed  no  signs  of  fracture  or  metal  fatigue 
of  any  kind.  An  additional  advantage  of  the  aluminum 
wheel  is  the  ease  of  tire  removal  where  pneumatic 
tires  are  used.  Aluminum  will  not  rust  and,  as  the  alu- 
minum wheel  has  a  rim  and  side-ring  of  the  same  mate- 
rial, the  tire  will  not  "freeze."  Everyone  is  familiar  with 
the  difficulties  encountered  in  removing  a  tire  that  has 
been  on  an  ordinary,  wheel  for  a  long  time.  This  opera- 
tion is  both  tedious  and  troublesome,  particularly  when  a 
tire  change  is  necessary  on  the  road.  A  tire  engineer  of 
one  of  the  largest  companies  recently  stated  that  this  was 
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Better  Acceleration 

In  all  the  larger  cities  traffic  in  certain  districts  is  so 
congested  that  a  driver  has  to  make  innumerable  stops, 
sometimes  several  in  a  single  block.  It  is  believed  that  in 
considering  the  acceleration  of  a  vehicle,  the  point  of 
most  general  interest  centers  in  that  phase  of  the  prob- 
lem which  deals  with  the  momentum  of  the  car  or  truck 
when  starting  from  rest. 

Considerable  effort  has  been  expended  in  an  endeavor 
to  better  the  "get-away"  of  cars,  though  it  appears  that 
little  attention  has  been  given  to  one  of  the  salient  fac- 
tors, that  of  reducing  the  weight  of  the  wheels  and  the 
axles.  By  decreasing  such  weight  we  reduce  proportion- 
ately the  inertia  that  must  be  overcome  in  acceleratinic. 

Experiments  have  consequently  been  made  to  determine 
the  moments  of  inertia  of  a  light  and  of  a  heavy  wheel. 
An  aluminum  and  a  steel  wheel  were  chosen,  each  being 
designed  for  a  3-ton  White  truck  equipped  with  38  by  7- 
in.  pneumatic  tires.  The  aluminum  wheel  weighed  62  lb. 
and  the  steel  one  149  lb.  A  clamping  device  was  made  so 
that  the  wheel  could  be  gripped  at  the  outer  edges  of  the 
rim.  A  bar  which  was  secured  to  the  clamp  in  a  position 
parallel  to  the  hub  axis  of  the  wheel  supported  the  wheel 
as  a  pendulym  and  was  mounted  on  knife-edges  so  that 
the  wheel  was  free  to  swing  from  this  suspension  point. 

With  the  wheel  thus  suspended  we  are  able  to  find  the 
time  per  oscillation  in  seconds  and  the  moment  of  inertia 
can  then  be  obtained  by  the  formula 


/=!?^=!f^,  where 

I  =  the  moment  of  inertia  in  inch  units 

m  =  the  mass  or  — 
0 

r  =  the  radius  of  the  wheel  in  inches 
g  =  the  force  of  gravity  or  32.2  X  12 
t  =  the  time  in  seconds  for  a  single  oscillation 

It  was  found  that  the  moment  of  inertia  of  the  alumi- 
num wheel  was  53  and  that  of  the  steel   wheel  123. 

For  any  power-driven  vehicle  the  force  needed  to  pro- 
duce a  given  angular  velocity  of  the  wheels  in  a  given 
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length  of  time  is  directly  proportional  to  the  moments  of 
inertia  of  the  wheels.  From  this  it  follows  that  an  alumi- 
num wheel  consumes  less  power  in  attaining  its  angular 
velocity  than  a  wheel  of  the  same  mass  distribution  but 
of  greater  weight. 

The  ratio  of  the  energy  of  forward  motion  to  the  en- 
ergy of  forward  motion  plus  rotation  for  a  wheel  is  as 
1  to  2.  With  a  pneumatic-tired  wheel  having  an  outside 
diameter  of  38  in.,  it  is  obvious  how  exceedingly  impor- 
tant it  is  that  rim  weight  should  be  kept  as  low  as  pos- 
sible, particularly  on  low-gear  cars  and  trucks  where 
the  rim  inertia  forces  are  a  large  proportion  of  the  whole 
inertia  of  the  vehicle.  When  a  car  is  accelerating,  say 
from  rest  to  20  m.p.h.,  the  wheels  have  to  be  accelerated 
from  rest  to  40  m.p.h. 

An  interesting  phase  of  the  advantage  incident  to  a  re- 
duction of  the  unsprung  weight  of  a  truck  is  illustrated 
by  the  following  example.  A  certain  2-ton  truck,  highly 
efficient  in  its  performance  and  of  recognized  merit,  has 
a  total  unsprung  weight  of  about  2600  lb.  and  a  sprung 
weight  of  4900  lb.  We  may  assume  that  the  engineer  who 
designed  this  truck  considered  a  ratio  of  unsprung  to 
sprung  weight  of  1  to  1.8  as  giving  a  proper  distribution 
of  weight  and  that  this  ratio  was  ample  for  the  class  of 
work  expected  of  the  truck.  By  substituting  lighter 
wheels  and  introducing  lighter  metal  in  the  axle  parts,  a 
saving  of  658  lb.  in  the  wheels  and  160  lb.  in  the  axles 
was  obtained.  This  reduced  the  unsprung  weight  to  1800 
lb.  Using  the  ratio  just  mentioned,  1  to  1.8,  we  can 
maintain  the  same  proportional  weight  distribution  if  we 
have  a  sprung  weight  of  3400  lb.  The  total  weight  of  the 
truck  with  the  heavy  wheels  and  axle  when  loaded  to 
capacity  was  11,500  lb.,  while  a  total  loaded  weight  of  the 
lighter  truck  would  be  9200  lb.  Computing  the  energy 
necessary  to  accelerate  the  truck  from  rest  to  10  m.p.h., 
we  find  that  the  truck  equipped  with  the  lighter  wheels 
and  axles  showed  a  saving  of  20  per  cent  over  the  one 
with  the  heavier  wheel  installation. 

A  further  slight  conservation  of  energy  may  also  be 
considered  due  to  the  reduced  tire  friction,  and  it  is  quite 
obvious  that  a  considerable  tire  economy  will  be  realized 
when  the  total  truck  weight  is  reduced.  It  should  further 
be  noted  that  a  truck  designed  to  the  lighter  figures  men- 
tioned, in  which  a  reduction  of  20  per  cent  in  the  power 
necessary  for  acceleration  is  attained,  should  show  a  ma- 
terially better  fuel  economy. 
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THE    DISCUSSION 

A.  Y.  Dodge: — It  was  mentioned  that  500  lb.  of  wheel 
weight  was  saved.  On  what  size  of  truck  can  this  saving 
in  weight  be  made?  What  is  the  size  of  the  truck  upon 
which  the  dynamometer  tests  were  made? 

A.  H.  Edgerton: — ^The  truck  on  the  dynamometer 
stand  was  a  2-ton  truck  loaded  to  capacity.  The  aluminum 
wheel  weighed  82  lb.  and  the  steel  wheel  248  lb.  The 
comparison  was  consistent,  as  there  was  no  tire  on  either 
wheel. 

F.  D.  Howe: — Is  there  a  definite  figure  for  the  ton- 
mileage  obtainable  from  a  set  of  tires  on  the  lighter 
aluminum  wheels,  as  compared  with  that  obtainable  with 
the  heavier  steel,  or  wood,  wheels?  The  wheels  will  cost 
more.  Will  this  additional  cost  be  compensated  for  by 
greater  tire  mileage? 

Mr.  Edgerton  : — I  have  not  investigated  that  phase  as 
yet.  The  wheel  has  been  in  an  experimental  stage;  we 
have  had  many  problems  and  have  never  made  any  com- 
parisons. The  information  is  I  think  easily  obtainable 
by  calculation  or  by  comparison. 

A.  E.  Winkler: — How  does  the  advantage  gained. by 
the  application  of  aluminum  wheels  to  trucks  compare 
with  that  gained  by  their  application  to  passenger  cars? 

Mr.  Edgerton: — ^We  have  built  a  passenger-car  wheel 
that  differs  greatly  from  the  orthodox  wheel,  the  differ- 
ence being  in  the  construction  of  both  the  rim  and  the 
face  of  the  wheel.  It  has  the  tire  seated  directly  on  the 
aluminum  and  the  face  is  entirely  unmarked  by  bolts  or 
rivets.  There  is  an  advantage  in  weight  of  7  lb.  over  the 
wire  wheel  and  as  much  as  40  lb.  over  the  steel  wheel. 

Mr.  Winkler: — How  were  those  wheels  attached? 
'     Mr.  Edgerton: — They  were  detachable  wheels. 

A.  B.  Browne: — Have  any  actual  tests  been  made  of 
the  aluminum  wheels  both  before  and  after  they  have 
been  in  service? 

Mr.  Edgerton  : — Our  first  action  was  to  test  the  wheels 
before  they  went  into  service.  We  have  a  set  of  wheels 
which  have  been  run  several  years;  we  expect  to  test 
them  but  have  not  as  yet  done  so.  It  appears  to  me  a 
waste  of  time.  The  wheels  are  apparently  in  as  good  a 
condition  as  they  ever  were.  We  have  inspected  them 
and  hammer-tested  them  for  cracks.  I  cannot  believe 
that  there  would  be  any  advantage  in  making  a  test  after 
the  wheel  was  run;  however,  we  expect  to  make  it. 
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John  McGeorge: — Has  any  test  been  made  to  deter- 
mine whether  the  elastic  limit  has  been  exceeded,  due 
to  so-called  crystallization? 

Mr.  Edgerton: — ^We  have  run  the  wheel  under  the 
vibratory  action  already  described.  We  did  not  run  it 
to  destruction  or  to  obtain  a  crystallization.  A  test  of 
that  sort  would  require  much  time,  because  this  alloy 
has  sufficient  elongation  to  cause  it  to  bend  considerably 
before  it  breaks  and  I  believe  the  wheel  would  not  crys- 
tallize. 

W.  S.  Nathan: — Are  these  wheels  die-cast  or  sand- 
cast?    What  parts  are  finished? 

Mr.  Edgerton  : — ^AU  wheels  have  so  far  been  sand-cast. 
They  are  machined  only  on  the  parts  subject  to  mounting, 
such  as  the  tire  seat,  bearings  and  hubs,  and  such  drilling 
as  is  required.  The  outside  face  of  disk  wheels  for  pas- 
senger cars  is  machined;  otherwise,  disk  wheels  are  not 
faced. 

B.  M.  Ikert: — ^What  are  the  relative  advantages  of 
the  spoke  type  of  wheel  and  the  disk  type? 

President  J.  G.  Vincent: — If  one  or  the  other  has 
an  advantage,  has  any  difficulty  in  casting  been  found? 
Are  there  the  same  shrinkage  strains  that  occur  in  steel 
or  malleable  wheels? 

Mr.  Edgerton: — ^We  have  made  both  spoke  and  disk 
wheels.  There  is  very  little  difference  as  far  as  the  foun- 
dry work  is  concerned.  The  hollow  spoke  on  the  spoke- 
type  wheel  requires  slightly  more  core  work,  but  the  wheel 
has  been  equally  successful  in  both  types,  finally.  All 
tests  indicate  no  advantages  favoring  one  type*  over  the 
other.  The  weight  saving  and  the  strength  appear  about 
equal  in  either  case. 

F.  J.  Bedford: — ^What  is  the  effect  on  the  traction  bal- 
ance due  to  lightening  the  unsprung  weight?  The  point 
was  made  whether  the  traction  would  be  as  good  with 
the  lighter  unsprung  weight  as  with  the  truck  as  orig- 
inally balanced,  particularly  with  varying  loads. 

Mr.  Edgerton  :  —We  have  made  it  a  point  to  watch 
for  any  effect  that  might  occur  from  that,  but  there  has 
never  been  any  noticeable  result.  With  the  truck  loaded 
the  wheels  maintain  the  proper  traction  and  do  not  slip; 
the  light  wheels  do  not  spin  more  than  heavy  ones,  nor 
are  the  tractive  efforts  unbalanced. 


"  Digitized  by 


DESIGN  OF  PNEUMATIC-TIRED  TRUCKS 

By  C  M  McCreery* 

After  stressing  the  importance  of  transportation, 
the  possible  uses  of  the  motor  truck  are  considered. 
The  increased  cushioning  and  traction  obtained  from 
pneumatic  truck  tires  accomplish  faster  transportation, 
economy  of  operation,  less  depreciation  of  fragile  load, 
easier  riding,  less  depreciation  of  roads  and  lighter- 
weight  trucks.  These  six  advantages  are  then  dis- 
cussed separately  and  various  data  to  substantiate  the 
claims  made  are  presented.  Following  detailed  consid- 
eration of  transportation  and  operation  economies,  and 
depreciation  of  loads  .and  roads,  the  practicability  of 
pneumatic  tires  is  elaborated,  and  wheels,  rims  and  tire- 
accessory  questions  are  studied. 

The  four  main  factors  bearing  upon  truck  design  for 
pneumatic  tires  are  stated  and  discussed;  emergency 
equipment  for  tire  repair  is  outlined  and  a  new  six- 
wheel  pneumatic-tired  truck  is  described.  Five  pri- 
mary changes  from  present  solid-tire  design  are  neces- 
sary in  the  design  of  the  ultimate  truck  to  use  pneu- 
matic tires;  these  are  stated  in  the  summary. 

The  truck  designers  are  just  now  on  the  first  flood 
of  expansion  in  the  world's  next  advance  in  transporta- 
tion, but  before  discussing  specifically  the  subject  of  this 
paper  I  would  like  briefly  to  point  out  how  forms  of 
transportation  have  extended  civilization  by  broadening 
education  and  developing  natural  resources. 

Going  over  the  history  of  the  rise  of  all  nations  briefly 
as  a  corollary  to  the  transportation  systems  of«  those 
nations,  we  first  know  of  little  groups  of  barbaric  indi- 
viduals going  about  on  foot;  then  of  transportation  by 
domestic  animals,  bringing  forward  Egypt,  followed  by 
Babylonia  and  Persia ;  then  of  Greece  forging  to  the  fore 
through  transportation  by  hand-propelled  boats.  Larger 
boats  pronounced  Rome  the  leader  and  Rome  also 
assured  its  permanent  prominence  by  building  good 
inland  roads,  making  transportation  by  domestic  animals 
faster  and  more  efficient.  Then  followed  sailing  ships 
and  we  hear  of  Genoa  and  of  Venice.  Transportation  over 
the  ocean  brought  Spain  and  England  to  the  front  as 
leading  world  powers,  and  so  they  remained  until  the 

*  Hlf^hway  transportation  division,  development  department,  Good- 
year Tire  &  Rubber  Co.,  Akron,  Ohio. 
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advent  of  the  steam  engine  early  in  the  nineteenth  cei^ 
tury. 

Countries  like  America  and  Germany,  with  large  areas 
of  internal  territory  to  develop,  then  began  to  assume 
the  leadership  and  this  was  the  status  of  affairs  until 
our  ow^  day  when  the  development  of  the  internal-com- 
bustion engine  and  the  pneumatic  tire  made  possible  the 
automobile,  now  an  important  form  of  transportation 
which  will  in  the  future  take  a  more  and  more  prominent 
place  than  any  former  means  of  transportation.  What 
part  the  automobile  plays  from  now  on  must  affect  vitally 
the  civilization,  progress  and  development  of  the  whole 
world  and  its  people,  and  how  great  its  effect  will  be  rests 
with  you  members  of  the  Society  of  Automotive  Engi- 
neers. 

Possible  Use  of  the  Motor  Truck 

The  field  of  motor  transportation  is  beyond  human 
comprehension.  With  billions  of  people  to  be  transported 
every  hour  in  the  day  and  also  with  millions  of  tons  of 
freight  to  be  moved,  the  conveyance  which  completes  the 
delivery  with  the  least  loss  of  time  must  predominate. 
Time  is  a  factor  of  greater  value  than  money,  although 
we  are  all  prone  to  determine  costs  by  dollars  rather  than 
by  the  clock.  So  it  is  your  task  to  produce  motor  trucks 
that  will  dominate  as  the  world's  greatest  medium  of 
transportation.  It  is  our  claim  that  the  pneumatic  tire, 
when  its  advantages  are  known  and  used  to  the  fullest 
extent  possible  in  truck  design,  makes  possible  this  hope 
of  future  domination  of  the  world's  transportation  by 
the  motor  truck. 

Your  past  experience  recalls  the  bicycle  with  first  a 
steel,  then  a  solid  and  then  a  pneumatic  tire.  People 
said  the  pneumatic  tire  would  not  do  because  it  punc- 
tured, which  was  true;  and  that  it  cost  more,  which  was 
true;  but  the  bicycle  did  not  continue  on  solid  tires  be- 
cause the  pneumatic  tire  gave  it  a  wider  field  of  useful- 
ness. The  rubber-tired  carriage  followed  much  in  the 
same  manner,  except  that  the  combination  of  the  gas 
engine  and  pneumatic  tire  practically  eliminated  the 
horse  from  passenger  transportation  ahd  bids  fair  to  suc- 
ceed the  electric  street  car  in  that  respect.  Today  there 
are  more  passengers  per  mile  carried  by  aut(Hnobile  than 
by  any  form  of  rail  or  water  transportation.  But  the 
carriage  and  transportation  of  merchandise  has  not  devel- 
oped as  rapidly  as  has  the  transportation  of  passengers. 
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While  motor  trucks  have  already  played  an  important 
part  in  world  conditions,  they  have  done  so  largely  as 
auxiliaries  to  existing  means  of  transportation.  This  we 
sincerely  believe  to  be  due  to  the  continued  use  of  solid 
tires  and  to  the  design  of  vehicles  based  on  the  use  of 
solid  truck  tires.  The  lack  of  development  of  a  suitable 
pneumatic  truck  tire  by  the  tire  designers  is  the  most 
plausible  reason  for  this  condition,  but  during  the  past 
few  years  our  development  and  research  work  have 
proved  that  pneumatic  tires  for  trucks  have  been  per- 
fected to  a  point  sufficient  to  justify  a  belief  upon  the 
part  of  the  most  conservative  engineer  that  the  pneu- 
matic must  be  the  ultimate  tire  for  trucks  in  both  pas- 
senger and  freight  transportation.  Trucks  designed  to 
take  the  fullest  advantage  of  the  use  of  pneumatic  tires 
can  and  will  dominate  the  transportation  of  the  world. 

Most  of  you,  I  think,  believe  in  the  pneumatic  tire  prin- 
ciple for  motor  trucks,  but  are  you  convinced  that  they 
are  practical  and  economical?  To  prove^that  they  are 
one  has  but  to  search  the  records  of  experience  of  users. 
Any  discussion  of  the  relative  merits  of  pneumatic  versus 
solid  tires  must,  of  necessity,  reduce  itself  to  a  compari- 
son of  the  elasticity  of  compressed  air  with  that  of  rub- 
ber. We  all  are  accustomed  to  think  of  rubber  as  a  very 
elastic  substance,  but  it  cannot  be  compared  to  com- 
pressed air  in  this  respect.  In  one  instance  you  ride  on 
rubber;  in  the  other,  on  air.  Very  little  stretch  of  imagi- 
nation is  necessary  to  realize  what  would  happen  to  a 
modem  passenger  car  if  it  were  to  be  equipped  with 
solid  tires.  The  reasons  that  motor  trucks  can  be 
operated  with  any  degree  of  success  oH  solid  tires  are, 
that  they  are  operated  at  relatively  low  speeds  and  are 
built  very  heavy  so  that  they  will  endure  the  shocks  and 
vibration  to  which  they  are  subjected.  If  it  is  possible  to 
use  pneumatic  tires  on  passenger  cars  to  such  advantage, 
it  is  reasonable  to  assume  that  certain  advantages  will 
result  from  their  use  on  motor  trucks. 

It  has  been  found  that  there  are  two  fundamental  ad- 
vantages which  result  from  the  use  of  pneumatic  truck 
tires:  (a)  increased  cushioning,  and  (h)  increased  trac- 
tion. The  increased  cushioning  is  the  most  important 
factor  because  it  has  a  greater  effect  on  the  performance 
of  the  truck.  Elsewhere  I  will  show  that  the  cushioning 
ability  of  a  pneumatic  tire  is  four  times  as  great  as  that 
of  a  solid  tire  of  the  same  carrying  capacity.  As  a  result 
of  this  greatly  increased  cushioning  there  are  six  dis- 
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tinct  advantages  gained  from  the  use  of  pneumatic  truck 
tires: 

(1)  Faster  transportation 

(2)  Economy  of  operation 

(3)  Less  depreciation  of  fragile  load 

(4)  Easier  riding 

(5)  Less  depreciation  of  roads 

(6)  Lighter-weight  trucks 

Each  of  these  six  points  will  nov^^  be  discussed  separately 
and,  wherever  possible,  actual  data  will  be  presented  to 
substantiate  the  claims  made.  The  data  have  been  ob- 
tained from  truck  operators,  each  of  whom  has  taken 
two  trucks  of  the  same  make  and  capacity,  one  equipped 
with  pneumatic  and  the  other  with  solid  tires,  and 
operated  them  under  exactly  similar  conditions,  over  the 
same  roads  and  carrying  similar  loads. 

Transportation  and  Operation  Economies 

Faster  transportation  or  quicker  deliveries  result  from 
the  increased  cushioning  of  pneumatic  truck  tires. 
Operators  have  found  this  to  be  true  because  it  is  possible 
to  obtain  greater  maximum  and  minimum  speeds.  Manu- 
facturers of  solid-tired  trucks  remove  their  guarantee  if 
a  speed  of  11  or  12  m.p.h.  is  exceeded,  while  pneumatic- 
tired  trucks  are  being  successfully  operated  at  20  to  35 
m.p.h.  In  ordinary  city  or  farm  hauling,  however,  we  are 
more  interested  in  a  greater  minimum  speed  than  we  are 
in  a  greater  maximum.  That  is,  in  running  over  rough 
city  streets  or  cquntry  roads,  a  solid-tired  truck  must 
operate  at  slow  speeds  because  of  the  shock  and  vibration. 
It  is  therefore  evident  that  if  a  truck  on  pneumatic  tires 
will  make  more  or  longer  deliveries  in  a  given  number  of 
hours,  its  radius  of  operation  is  increased  and  also  its 
earning  power.  Table  1  will  show  the  increased  mileage 
obtained  with  pneumatic  tires  by  four  truck  operators. 


TABLE  1 

Truck  Mileage  on  Mileage  on 

Capacity,  Period,  Pneumatic  Solid 

Operator        tons  months  Tires  Tires 

A               2                    6  6,414  4,476 

B               3V^                1  1,995  675 

C               2                    5  5,510  2,223 

D               2                    4  7,014  4,677 
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The  economy  of  operating  trucks  on  pneumatic  tires 
has  been  shown  by  the  experience  of  many  users.  There 
is  a  considerable  saving  in  gasoline,  oil  and  upkeep. 
Furthermore,  depreciation  charges  can  be  reduced  con- 
siderably. The  saving  in  gasoline  is  due  to  a  lower  power 
consumption  resulting  from  the  increased  cushioning  ob- 
tained. It  is  a  well-known  fact  that  vibration  in  a 
machine  of  any  kind  results  in  a  loss  of  power.  The 
vibration  caused  by  the  solid  tires  is  practically  elimi- 
nated by  the  use  of  pneumatic  tires.  A  solid  tire,  in 
rolling  over  an  obstruction  in- the  road,  lifts  the  entire 
load  on  the  tire  four  times  as  high  as  it  would  be  lifted 
in  the  case  of  a  pneumatic  tire.  Many  roads  are  full  of 
small  obstructions  so  that  a  certain  amount  of  power  is 
lost  in  lifting  the  load  of  the  truck  over  them.  The  rela- 
tive cushioning  ability  of  the  two  types  of  tire  seems 
to  indicate  that  the  power  loss  from  this  cause  is  four 
times  as  much  for  solid  as  for  the  pneumatic  type. 
There  is  also  a  saving  in  power  in  climbing  hills.  Because 
it  is  possible  on  pneumatic  tires  to  approach  a  grade  at  a 
much  higher  rate  of  speed,  less  power  will  be  consumed 
in  climbing  the  grade;  it  will  not  be  necessary  to  shift 
gears  as  soon,  and  possibly  not  at  all.  The  saving  in 
gasoline  in  the  case  of  five  truck  operators  is  shown  in 
Table  2.  •   v 


TABLE 

2 

Miles  per  Gallon  of  Fuel 

Truck 
Capacity, 

Period, 

Pneumatic 

Solid 

Operator 

tons 

months 

Tires 

Tires 

A 

2 

6 

5.77 

3.98 

B 

33^ 

1 

5.75 

4.77 

C 

2 

5 

7.21 

5.43 

D 

2 

4 

7.70 

7.10 

E 

2 

9 

9.10 

6.10 

The  saving  in  oil  is  probably  due  to  the  decreased  vibra- 
tion in  all  of  the  moving  parts  of  the  truck.  The  sta- 
tistics from  four  truck  operators,  given  in  Table  3, 
show  that  there  is  a  considerable  saving  in  oil  consump- 
tion. 

The  upkeep  or  repair  cost  of  a  truck  operated  on  pneu- 
matic is  much  less  than  when  operated  on  solid  tires. 
This  can  be  attributed  to  the  decreased  amount  of  vibra- 
tion and  the  absence  of  severe  shocks  and  jolts.  It  is 
found  that  i>arts  do  not  have  to  be  replaced  and  that  the 
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truck  does  not  need  to  be  overhauled  as  often.  Reliable 
information  has  not  been  obtained,  but  the  estimated  sav- 
ing in  upkeep  cost  is  from  25  to  50  per  cent.  There  is 
also  the  subject  of  depreciation  charges.  As  a  result  of 
experience  our  solid-tired  trucks  are  depreciated  on  the 
basis  of  60,000  miles  of  service,  while  the  pneumatic- 
tired  trucks  are  depreciated  on  a  basis  of  80,000  miles. 
It  seems  that  80,000  miles  is  too  low,  because  there  have 
been  trucks  on  pneumatic  tires  which  at  the  end  of  250,- 
000  miles  were  still  in  running  condition.  I  believe  that 
in  the  near  future  trucks  will  be  depreciated  on  the  basis 
of  100,000  miles.  Taking  all  of  these  cost  factors  into 
consideration,  it  is  found  that  the  cost  per  mile  of  operat- 
ing trucks  on  pneumatic  tires  is  considerably  less  than 
that  on  solid  tires.  Referring  again  to  the  data  ob- 
tained from  truck  operators  who  have  kept  accurate 
records,  this  claim  is  substantiated.     (See  Table  3.) 

Depreciation  of  Loads  and  Roads 

Let  us  now  consider  the  lessened  depreciation  of  frag- 
ile loads  resulting  from  the  increased  cushioning  ability 
of  pneumatic  truck  tires.  This  is  considered  by  many 
users  to  be  one  of  the  most  important  advantages.  For 
instance,  in  hauling  fragile  materials,  such  as  bottled 
goods  and  eggs,  there  is  very  little,  if  any,  breakage.  The 
farmer  experiences  very  little  depreciation  in  the  live 
stock  and  produce  which  he  hauls  to  the  markets. 

There  is  also  the  easier  riding  made  possible  by  the 
use  of  pneumatic  tires.  In  the  case  of  delivery  trucks, 
the  elimination  of  the  vibration  makes  it  possible  for  the 
truck  driver  and  his  helper  to  ride  almost  continually 

TABLE   3 

Miles  per  Cost  per 

Truck                            Gallon  of  Oil  Mile  in  Cents 

Oper-      Capacity,  Period,  Pneumatic      Solid  Pneumatic      Solid 

a  tor            Tons      Months        Tires           Tires  Tires           Tires 

A                 2              -    6              104.0              59.0  45.0              56.J 

B                 3Vj               1                 32.0              30.7  31.3              55.0 

C                 2                   5                 55.0              54.0  21.6              24.0 

D                 2                   4              152.0              78.0  27.7              31.0 

without  fatigue.  This  is  of  vital  importance,  especially 
in  long-distance  hauling  where  it  is  necessary  to  drive 
for  hours  at  a  time.  Easy  riding  is  absolutely  essential 
in  passenger  buses  from  the  standpoints  of  comfort  and 
speed. 

Before  the  motor  truck  can  be  utilized  to  the  full  extent 
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oi  lis  posBiDiiiues,  gooa  roaas  are  essenxiai.  nowever, 
along  with  the  legislation  providing  these,  laws  are  being 
considered  and  in  spme  instances  passed  restricting 
motor-truck  traffic.  A  pneumatic-tired  truck  has  very 
little  more  harmful  effect  on  an  improved  road  than  a 
passenger  car.  This  is  not  true  of  a  solid-tired  truck. 
Because  of  the  vibration  and  sharp  jolts  common  to  solid 
tires,  any  road  will  eventually  break  down  under  such 
traffic.  The  effect  on  dirt  roads  is  the  most  harmful. 
The  narrow,  hard  tread  of  the  solid  tire  will  soon  cut 
into  the  road,  whereas  the  soft,  wide  tread  of  a  pneu- 
matic tire  will  not.  Attempts  have  even  been  made  to 
prohibit  solid-tired  trucks  from  using  certain  roads,  and 
on  some  of  the  principal  thoroughfares  cf  our  cities  this 
has  already  been  done.  In  such  cases  pneumatic  truck 
tires  have  a  distinct  advantage. 

The  discussion  so  far  has  considered  only  increased 
cushioning.  The  advantages  of  increased  traction  will 
now  be  stated.  Increased  traction  is  made  possible  by 
the  greater  width  of  the  pneumatic  tires,  their  non-skid 
treads  and  their  greater  flexibility,  which  allows  the  sur- 
face of  the  tire  to  conform  more  nearly  to  the  unevenness 
of  the  road,  thereby  getting  a  better  grip.  There  is 
nearly  twice  the  area  of  ground  contact  with  pneumatic 
than  there  is  with  solid  tires  of  similar  capacity.  As  a 
result  of  this  increased  traction,  we  obtain  reliability  and 
safety.  By  reliability,  we  mean  that  it  is  possible  for 
the  truck  to  operate  successfully  over  almost  any  kind 
or  condition  of  road,  and  during  all  seasons  of  the  year. 
By  safety,  it  is  meant  that  because  of  the  increased  trac- 
tion of  the  tires,  the  truck  will  hold  the  road  better  and 
the  brakes  will  be  more  effective. 

We  have  so  far  discussed  only  the  advantages  of  using 
pneumatic  tires  on  trucks.  I  think  it  is  advisable  to  men- 
tion some  of  the  arguments  which  have  been  advanced 
against  the  use  of  pneumatics  and  truthfully  answer  them 
as  experience  has  shown  that  they  can  be  answered.  All 
of  the  arguments  against  the  use  of  pneumatic  tires  can 
be  placed  under  either  of  the  following:  (a)  cost  and  (6) 
practicability.  The  question  of  cost  will  be  discussed 
first.  It  is  now  found  that  the  matter  of  cost  is  sub- 
divided into  two  parts:  (a)  initial  cost,  and  (6)  the  pos- 
sible loss  due  to  injury  and  abuse.  While  it  is  true  that 
the  initial  cost  of  pneumatic-tire  truck  equipment  is 
greater  than  that  of  solid-tire  equipment,  it  has  been 
proved  by  the  experience  of  many  truck' operators  that 
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this  difference  is  more  than  offset  by  the  greater  eaminit 
power  and  the  lower  cost  of  operation.  It  has  usually 
been  found  that  in  4  to  6  months'  time  the  increased  cost 
of  the  pneumatic-tire  equipment  is  completely  wiped  out. 
When  the  time  comes  that  specially  designed  pneumatic- 
tired  trucks  make  their  appearance,  this  increased  cost 
will  be  offset  by  the  lower  initial  cost  of  the  truck  itself, 
and  the  greater  economy  of  operation. . 

As  to  possible  loss  due  to  injury  or  abuse  of  the  tires, 
it  has  been  found  that  this  is  not  a  serious  objection. 
There  are  innumerable  instances  where  pneumatic  truck 
tires  have  run  from  12,000  to  20,000  miles  on  the  origi- 
nal air.  As  the  development  of  the  tires  themselves  has 
progressed,  so  has  the  successful  repairing  of  the  tires 
been  worked  out.  Repair  molds  and  retreading  equip- 
ment are  now  in  use  in  many  parts  of  the  country  and 
are  being  placed  in  other  localities  as  rapidly  as  possible, 
so  that  it  will  be  no  more  difficult  to  have  a  pneumatic 
truck  tire  repaired  than  any  other  part  of  tlie  truck. 
While  it  is  possible  to  injure  pneumatic  truck  tires  by 
abuse,  this  is  no  more  likely  to  happen  to  the  tires  than 
to  other  parts  of  the  truck,  and  it  is  possible  to*  repair 
most  of  the  injuries  that  tires  receive  from  abuse.  As 
truck  operators  become  more  accustomed  to  the  use  of 
pneumatic  tires,  such  failures  will  be  reduced. 

Practicability  of  Pneumatic  Tires 

The  practicability  of  pneumatic  truck  tires  has  prob- 
ably been  questioned  more  than  has  any  other  feature. 
The  first  thing  to  be  discussed  under  this  subject  is  that 
of  delays  due  to  changing  tires.  The  amount  of  time 
necessary  to  change  a  tire  depends  in  part  upon  the  type 
of  rim  equipment.  In  the  case  of  detachable  rims,  where 
it  is  necessary  to  remove  the  tire  from  the  rim,  replace  it 
and  then  inflate  it,  not  more  than  30  min.  is  required  to 
perform  the  entire  operation.  In  the  case  of  a  demount- 
able rim,  a  change  can  easily  be  made  in  15  min.  I  am 
not  trying  to  argue  the  relative  merits  of  the  two  differ- 
ent types  of  rims,  but  is  an  occasional  delay  of  from  15 
to  30  min.  to  be  considered  when  we  know  that  we  can 
save  hours,  not  minutes,  every  day  that  the  truck  is  in 
operation  when  it  is  equipped  with  pneumatic  tires?  The 
truck  driver  is  not  required  to  make  a  tire  change  very 
often. 

It  is  often  said  that  it  is  not  possible  to  maintain  the 
high   inflation  pressure  required  for  pneumatic  truck 
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tires.  Very  little  difficulty  has  been  experienced  in  this 
respect.  Most  garages  and  service  stations  carry  suffi- 
cient air  pressure  to  inflate  tires  up  to  42  by  9-in.  size, 
and  many  are  preparing  to  take  care  of  the  largest  sizes. 
By  the  time  the  largest  tires  are  in  general  use  there 
will  be  generally  available  air  at  a  sufficient  pressure  to 
keep  them  properly  inflated.  Trucks  equipped  with  de- 
tachable rims,  or  operating  in  long-distance  or  inter-city 
service,  are  usually  equipped  with  small  air  compressors. 
One  objection  which  is  not  mentioned  so  much  now  as 
when  pneumatic  truck  tires  first  made  their  appearance, 
is  the  danger  of  the  high  inflation  pressures.  Pneumatic 
tires  are  made  to  withstand  three  to  four  times  the  pres- 
sure carried  in  them. 

The  large  outside  diameters  of  the  tires  are  often  ob- 
jected to  because  they  affect  the  truck  ability  and  because 
they  raise  the  center  of  gravity.  In  changing-  over  a 
solid-tired  truck  to  pneumatics,  there  is  the  possibility  of 
reducing  the  ability  of  the  truck.  Our  experience  has 
shown  that  unless  the  truck  is  operated  over  a  very  hilly 
route,  its  ability  has  not  been  noticeably  affected.  There 
have  been  too  many  successful  change-overs  to  allow  this 
to  become  a  serious  objection.  Looking  into  the  future, 
this  question  of  truck  ability  and  gear  ratios  will  be 
taken  care  of  by  changes  in  design.  So  the  question  of 
change-overs  is  only  temporary.  Raising  the  center  of 
gravity  is  not  as  serious  as  it  might  seem.  The  ques- 
tion of  getting  the  load  into  the  truck  has  not  been  a 
serious  question  at  all.  I  do  not  believe  that  the  loading 
platforms  are  of  such  uniform  height  that  a  little  change 
in  the  height  of  the  truck  platform  would  make  a  great 
difference. 

t  have  heard  it  said  at  different  times  that  in  case  of 
a  large  rear  tire  suddenly  going  flat,  the  sudden  drop  of 
the  truck  might  turn  it  over  on  a  crowned  road.  When 
a  big  tire  goes  flat,  it  does  not  do  so  suddenly.  The  blow- 
out or  cut  in  the  tire  is  never  very  large,  so  that  it  takes 
some  time  for  the  air  to  escape.  Therefore,  the  truck 
does  not  tip  suddenly.  Furthermore,  when  all  of  the  air 
is  out  of  a  48  by  12-in.  tire,  the  largest  now  made,  there 
is  a  drop  of  only  6  in.  Now  assume  that  the  tread  of  the 
rear  wheel  is  66  in.,  the  list  of  the  truck  would  be  ap- 
proximately 4%  deg.,  which  is  not  enough  to  cause  the 
truck  to  turn  over,  and  to  my  knowledge  no  truck  has 
ever  overturned  from  this  cause.  The  sizes  that  have 
been  worked  out  during  the  past  6  years  are  now  stand- 
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ard.    Table  4  gives  the  rim  sizes,  normal  tire  sizes  and 
the  tires  which  can  be  fitted  as  oversizes. 

TABLE  4 

Oversize  Tire  for  Rim, 
Normal  Tire  for  Rim,  in.     (Intended  for  con- 
in.  (Original  equipment  venience  of  consumer 
Rim  on  new  trucks)  and  not  for  original 

Sizes,  in.  equipment) 

34x5  34x  5  36x6 

36x  6  36x  6  38x7 

38x  7  38x  7  40x8 

40x  8  40x  8  42x9 

*40x  8  42x  9 

*44xl0  "44x10 

'48x12  M8xl2 

^These  sizes  are  not  S.  A.  E.  tire  and  rim  sizes. 

You  will  notice  from  this  table  that  there  is  no  oversize 
possibility  when  9,  10  and  12-in.  sizes  go  out  on  new 
trucks  because  the  oversizing  plan  falls  down  above  the 
9-in.  size,  on  account  of  the  size  and  stiffness  we  are 
forced  to  build  into  the  beads  as  designed  at  present. 

I  would  like  to  discuss  the  questions  regarding  loads 
and  inflations  at  considerable  length  but  can  only  do  so 
briefly  and  tell  something  of  what  pneumatic  tires  can 
stand  in  the  way  of  flexing,  so  that  the  table  of  loads  and 
inflations  can  be  understood.    (See  Fig.  1.) 

To  the  best  of  my  knowledge  tires  give  the  greatest 
satisfaction  when  they  have  plenty  of  cushioning  and 
not  too  much  flexing.  The  latter  condition  is  what  breaks 
down  a  tire,  when  run  under  conditions  which  produce  a 
deflection  of  from  12  to  16  per  cent  of  the  section  diam- 
eter, or  12  to  15  per  cent  of  the  height  above  the  rim. 
The  deflection  can  be  controlled  by  regulating  either  the 


Fig.  1  yio.  i-  U'lQ.  3 

Ttpes  of  Pneumatic  Tire  in  Common  Use 
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load  or  the  pressure^  or  both.  Table  5  gives  the  stand- 
ard maximum  load  and  required  inflation.  The  pressures 
are  practical  to  maintain,  the  tires  are  built  accordingly 


TABLE  5 

Extreme  Maximum 

Inflation 

Tire 

Allowable  Load 

Pressure, 

Size,  in. 

per  Tire,  lb. 

lb 

.  per  sq.  in. 

34x  5 

1,700 

80 

86x  6 

2,200 

90 

88x  7 

3,000 

100 

40x  8 

4,000 

110 

42x  9 

"5,000 

■120 

'44x10 

■6,000 

■130 

*48xl2 

*8,500 
Recommended  Practice  only. 

n40 

■S.  A.  E. 

*Not  S.  A.  E.  Standard  as  yet. 

and  we  get  satisfactory  practical  results  in  first  cost  and 
mileage  delivered,  if  the  table  is  followed. 

I  want  to  take  this  opportunity  to  mention  under-inHa- 
tion  and  overload.  Both  evils  result  in  an  excessive 
deflection  of  the  tire  which  means  that  an  excessive  shear- 
ing action  is  put  upon  the  rubber  between  the  plies  and 
also  upon  the  cushion  built  into  the  tire  between  the 
tread  and  the  plies.  This  in  turn  results  in  a  separation 
of  the  parts  and  the  tire  is  on  the  road  to  failure. 

Next  I  will  show  how  the  loads  recommended  for  the 
tires  are  adapted  to  the  various  sizes  of  trucks.  The  Tire 
and  Rim  Division  of  the  S.  A.  E.  Standards  Committee 
investigated  this,  and  its  findings  appear  on  page  24* 
of  the  Report  of  Divisions  of  Standards  Committee,  dated 
June  23,  1919.  The  weights  of  practically  all  makes  of 
trucks  were  ascertained  and  plotted,  and  it  was  found  that 
all  trucks  of  a  given  capacity  weighed  nearly  the  same 
when  under  full  load,  and  it  was  possible  to  specify  what 
the  pneumatic  tire  equipment  should  be  on  any  truck  of  a 
certain  carrying  capacity.  The  bodies  of  all  the  trucks  in 
question  were  assumed  to  be  standard  stake  bodies,  so, 
of  course,  heavy  bodies  might  in  some  cases  necessitate 
a  revision  of  the  committee's  findings.  Table  6  is  similar 
to  that  submitted  as  general  information  to,  but  not 
accepted  by,  the  Standards  Committee.  The  changes  are 
in  the  tire  equipment  recommended  for  front  wheels  on 
trucks  of  1%  tons  and  under. 

■This  report  was  submitted  to  the  Standards  Committee  as  fireneral 
information  only.  It  was  not  accepted  by  the  Society  for  publica- 
jtion  in  the  S.  A.  K.  Handbook. 
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TABLE  6 

Front  Wheels 

Rear  Wheels 

Size  of 

Maximum  Pneumatic 

Maximum 

Pneumatic 

Truck, 

Weight  per       Tire 

Weight  per 
Wheel,  lb. 

Tire 

tons 

Wheel,  lb.     Size,  in. 

Size,  in. 

% 

800       4,  4%  or  5 

1,600 

34x  5 

1 

1,000         4%  or  5 

2,100 

36x  6 

1% 

1,200        4V6  or  5 

3,000 

38x  7 

2 

1,500           34x5 

3,500 

40x  8 

2% 

1,800           36x6 

4,000 

40x  8 

3 

2,000           36x6 

5,200 

44x10 

3% 

2,100           36x6 

5,700 

44x10 

4 

2,300           38x7 

6,500 

48x12 

5 

2.700           38x7 

7,800 

48x12 

If  you  check  up  any  make  of  truck  loaded  to  its  rated 
capacity,  you  will  be  surprised  to  find  how  closely  the 
weights  on  the  tires  come  to  the  figures  in  the  table. 

Wheei^,  Rims  and  Valves 

There  are  now  in  satisfactory  service  wood  wheels, 
8  or  10  designs  of  cast-steel  wheels  and  disc  wheels.  On 
all  of  these  can  be  mounted  either  the  so-called  demount- 
able type  of  rim  or  the  so-called  detachable  rim.  The 
demountable  rim  means  one  on  which  is  carried  an  in- 
flated tire.  The  detachable  rim  is  perhaps  a  misnomer, 
because  the  rim  is  not  detachable  but  the  tire  is  removed 
by  detaching  a  side  ring  from  the  rim,  on  which  spare 
tires  cannot  be  carried  ready  inflated.  (See  Figs.  2 
and  3.) 

The  arguments  for  the  demountable  rim  are  the  in- 
flated spare  tire  and  the  short  time  required  for  a  tire 
change.  Against  the  demountable  are  the  extra  weight 
required,  the  extra  cost  and  the  possibility  of  mechanical 
troubles.  The  detachable  rim  arguments  are  the  exact 
opposite.  In  its  favor  are  less  weight  and  cost  and  a 
greater  freedom  from  mechanical  troubles.  Against  it 
are  the  arguments  of  time  required  for  a  tire  change  and 
means  of  inflating  the  tire  after  it  is  changed. 

Tubes  for  pneumatic  truck  tires  must  be  designed  and 
compounded  so  as  to  retain  as  much  of  their  original 
strength  and  shape  as  possible,  after  being  subjected  in 
service  to  more  or  less  heat  and  to  continued  flexing. 
Tubes  are  on  a  par  with  the  casings  in  development  and 
render  satisfactory  service  even  in  the  largest  tires. 
(See  Fig.  4.) 
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Pig.   4 — Position  op  Tube  and  Flap  in  a  Laroe-Sizk  Pneumatic 

Tire 


Flaps  assume  considerable  importance  in  tires  inflated 
to  recommended  pressures.  It  is  important  that  the  flap 
fit  well  so  that  there  will  be  no  adjustment  when  the  tire 
is  inflated,  causing  a  localized  stretch  in  the  tube  at  the 
edge  of  the  flap. 

The  valve  question  had  to  be  approached  from  two 
angles ;  flrst,  from  the  standpoint  of  holding  air  at  pres- 
sures from  90  to  140  lb.  and,  second,  from  the  standpoint 
of  ease  of  tire  change.  The  valve-insides  on  all  tubes 
6  in.  and  larger  are  of  a  heavy-duty  type,  different  from 
the  ordinary  valve-insides  in  construction,  but  the  two  are 
interchangeable  in  any  valve  stem  (See  Fig.  5).  On  the 
10  and  12-in.  sizes,  which  are  inflated  to  130  and  140  lb. 
per  sq.  in.  respectively,  even  the  heavy-duty  type  is  at 
present  unsatisfactory  when  used  alone,  so  a  combina- 
tion is  used  in  the  form  of  a  heavy-duty  valve-inside  and 
a  needle-valve  operated  by  a  hand-screw. 

Another  important  item  is  the  arrangement  of  tires 
on  the  trucks.  There  are  three  possibilities:  (a)  the 
conventional  truck  with  single  pneumatic  tires  on  four 
wheels,  (6)  dual  pneumatics  on  the  rear,  and  (c)  trucks 
with  six  or  more  wheels.  The  company  with  which  I  am 
connected  is  primarily  interested  in  carrying  trucks  on 
pneumatic  tires,  so  it  has  tried  the  three  possibilities.    As 
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a  result  it  looks  unfavorably  only  on  the  dual  pneumatics, 
two  tires  on  the  same  wheel.  The  dual  idea  was  tried 
and  abandoned  several  years  ago,  but  it  crops  up  now  and 
I  want  to  set  the  reasons  for  dropping  it  clearly  before 
you.  The  dual  tires  do  not  share  the  load  equally,  because 
the  inflation  is  seldom  kept  alike  in  both  tires  and  because 
on  crowned  roads,  and  more  particularly  rough  roads, 
one  tire  takes  more  than  its  share  of  the  load.  Dual 
tires  are  too  easily  abused  and  prove  more  expensive  than 
either  of  the  other  two  possibilities. 

The  company  came  to  realize  some  time  ago  that  the 
introduction  of  the  pneumatic  tire  for  motor  trucks  would 
have  a  material  bearing  upon  the  design  of  the  truck 
itself  to  get  the  most  good  from  the  use  of  such  a  tire. 
For  this  reason  we  have  been  making  a  study  of  the 
problem,  and  have  at  this  time  certain  considerations  to 
present. 

Factors  Influencing  Truck  Design 

The  main  factors  bearing  upon  the  problem  of  truck 
design  for  pneumatic  tires  are  as  follows: 

(1)  Speed,  including  road  and  engine  speeds,  rear-axle 
gear-reduction  and  air  brakes 

(2)  Traction,  including  engine  torque  and  transmission 
gear-reductions 

(3)  Shock  effects,  including  stresses  introduced  and 
the  necessary  factor  of  safety  of  sprung  and  un- 
sprung parts 

(4)  Emergency  equipment,  including  tire  pumps  and 
spare  tires 

Table  7  shows  road  speeds  that  I  consider  satisfac- 
tory, together  with  the  usual  rear-tire  specifications  for 
various  sizes  of  truck.  The  engine  speeds  are  figured  on 
the  basis  of  1200  ft.  per  min.  piston  speed,  which  value  I 
believe  can  be  considered  a  good  average.  However,  some 
engines  on  the  market  may  not  operate  successfully  at 
this  speed  and  again  others  can  stand  a  higher  speed. 
Higher  speeds  set  up  considerable  vibration  and  add  dis- 
comfort to  driving.  In  general  it  may  be  noted  that  solid- 
tire  gear-reductions  range  from  7  to  16,  whereas  recom- 
mended ratios  for  pneumatic  tires  range  from  about  5 
to  8. 

Table  8  shows  a  study  in  computed  speeds  over  a 
given  course  which  corresponds  somewhat  to  the  course 
from  Akron  to  Cleveland,  going  by  the  way  of  Tallmadge 
in  the  one  case,  and  by  way  of  Akron's  North  Hill  in  the 
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other.  K-1  represents  a  "standard''  make  of  truck  in  our 
transportation  service.  It  will  be  noted  that  a  normal 
speed  of  25  m.p.h.  is  required  to  double  the  average  speed 
of  a  solid-tired  truck  whose  normal  or  governed  speed 
is  11  m.p.h.  The  reason,  of  course,  is  that  the  soltd-tired 
truck  has  a  higher  tractive  ability  in  high  gear,  and 
hence  is  able  to  maintain  its  normal  speed  over  a  great 
many  grades. 

ruH^    .     ZSMFH  20M.P,H        &S7 flPJf.    S^T^Ji^^^^^ 

Level  2V0       ^ 


Hew  Truck 

TIME 


23.2  Mm.    Old  Truck 


' 226  Mm    ''•^^^^f^ 
Fig.   6 — How  a  Study  of  Gear  Reductions  Saves  Time 

Fig.  6  shows  how  time  can  be  conserved  by  a  careful 
study  of  gear  reductions.  The  saving  on  a  course  4 
miles  long  with  grades  as  shown  amounts  to  20  i>er  cent. 

On  account  of  the  higher  speed  of  the  pneumatic- 
equipped  trucks,  it  is  necessary  to  equip  them  with 
brakes  having  100  per  cent  more  capacity  than  is  the  case 
with  solid-tired  trucks.  This  raises  the  question  of  how 
to  apply  such  a  capacity  easily.  In  answer  to  this  I  would 
suggest  the  application  of  brakes  to  the  front  wheels 
when  all  the  capacity  possible  is  attained  in  the  rear. 
Front-wheel  brakes  are  now  well  developed,  due  to  the  use 
during  the  war  of  trailers  which  required  brakes  on 
the  steering  axles. 

When  the  normal  speed  has  been  determined,  we  may 
next  consider  the  tractive  ability  required  to  get  over  the 
road  without  the  inconvenience  of  shifting  gears  too 
often.  The  tractive  factors  that  I  consider  desirable  and 
satisfactory  are  shown  in  Table  9,  figured  according  to 
the  formula  at  the  head  of  the  table. 

The  engine  torque  required  to  give  these  tractive  fac- 
tors is  also  shown  together  with  the  sizes  of  engines  on 
the  market  today  that  develop  the  torque  required.  There 
are  conditions  however  where  larger  engines  may  be 
desirable.  I  believe  smaller  engines  will  not  give  satis- 
factory speed.  The  striking  difference  between  tractive 
factors  for  pneumatic-equipped  trucks  and  solid-tired 
trucks  can  be  accounted  for  by  the  fact  that  the  former, 
when  approaching  a  hill,  have  about  four  times  the  mo- 
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mentum  of  the  latter  and  will  negotiate  a  very  large  per- 
centage of  hills  without  increased  power.  However,  with 
the  increased  power  applied  they  will  ascend  long  steep 
grades  before  requiring  a  shift  in  gears. 

The  figures  here  recommended  are  based  upon  numer- 
ous trials  of  trucks  of  various  capacities  in  our  transpor- 
tation. With  the  high-gear  tractive  ability  and  engine 
size  determined,  we  have  next  the  low-gear  ability  to  con- 
sider. We  find  a  tendency  toward  a  low-gear  ratio  in  the 
transmission  of  6  to  1  in  6-ton  trucks.    This,  in  connec- 


Fks.  7 — Transmission  with  a  14  to  1  Rbduction  in  Low  Qkar 

tion  with  present  solid-tire  axle-ratios  gives  a  tractive 
factor  of  0.42.  A  desirable  low-gear  ability  for  trucks 
equipped  with  pneumatic  tires  may  be  given  as  0.50 
although  I  do  feel  that  it  should  not  be  less  than  0.30. 

Table  10  shows  the  low-gear  transmission  ratios  neces- 
sary to  give  these  tractive  factors.  It  will  be  observed 
that  these  ratios  are  considerably  different  from  present 
practice.  The  question  naturally  arises,  how  can  this 
best  be  handled? 

Fig.  7  shows  a  conventional  design  of  transmission  to 
give  about  14  to  1  reduction  in  low  gear.  Superimposed 
upon  this,  in  dotted  lines,  is  a  regular  transmission  of 
about  5  to  1  low-gear  reduction,  in  general  use  today.  By 
examining  this,  it  becomes  evident  that  such  a  construc- 
tion cannot  well  be  considered.  The  next  best  and  easiest 
arrangement  is  as  shown  in  Fig.  8  where  we  bav^  9 
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TABLE   10  -TRANSMISSION   LOW   GEAR   REDUCTION 


Trans- 

Trans. 

Truck 

Low 

En- 

Total 

Rear 

mission 

Redn. 

Capa- 

Gear 

gine 

Gear 

Axle 

Reduc- 

0.30 

city, 

Trao- 

Torque, 

Reduc- 

Reduc- 

tion 

Trac- 

tons 

tive 
Factor 

Ib.-in. 

tion 

tion 

in  Low 
Gear 

tive 
Factor 

1 

0.50 

1,650 

49.1 

5.18 

9.47 

5.68 

IH 

0.60 

1,950 

51.0 

5.47 

9.32 

5.58 

2 

0.50 

2,500 

49.5 

5.26 

9.42 

5.64 

2yi 

0.50 

3,000 

51.7 

5.52 

9.37 

5.62 

^yi 

0.50 

3,000 

61.4 

5.43 

11.30 

6.77 

5 

0.50 

3,200 

79.7 

5.72 

14.00 

8.40 

7 

0.50 

3,300 

105.0 

7.50 

14.00 

8.40 

three-speed  unit  transmission  of  regular  design  in  com- 
bination with  an  auxiliary  transmission  having  SV2  to  1 
reduction  which,  combined  with  the  4  to  1  low-gear 
reduction  in  the  unit  set,  gives  14  to  1  total  transmission 
low-gear  reduction.  Dotted  lines  in  the  figure  show  the 
unit  and  auxiliary,  whereas  the  light  full  lines  represent 
the  standard  amidships  construction.  Fig.  9'  shows  a 
more  compact  gear-set  system  that  involves  the  combina- 
tion into  one  of  the  two  sets  above  mentioned. 

We  will  next  take  up  the  consideration  of  allowable 
stresses.  Any  fixing  of  allowable  stress  requires  an  inves- 
tigation of  the  cushioning  effect  of  pneumatic,  as  com- 
pared with  solid,  tires. 

Fig.  10  shows  the  rate  of  deflection  of  the  pneumatic 
tires  and  their  corresponding  solid  tires,  together  with  a 
curve  showing  how  the  solid  tire  depreciates  in  resili- 
ence with  age  and  wear..   It  will  be  seen  here  that  for  a 


Fig.  8 — Obtaining  a  14  to  1  LiOW-Gear  Reduction  by  Employing 
Two  Transmissions 
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given  load  the  pneumatic  tire  deflects  four  times  as  much 
as  a  solid  tire. 

On  this  basis,  Fig.  11  indicates  that  the  stresses  in 
unsprung  parts  due  to  shock,  build  up  to  the  same  amount 
whether  pneumatic  or  solid  tires  are  used.  There  is, 
however,  a  difference  in  the  time  element;  that  is,  the 
time  required  to  build  up  the  stress  due  to  shock  is  twice 
that  of  the  solid  tire,  in  the  case  of  pneumatic  tires.  If 
any  reduction  of  the  factor  of  safety  is  justifiable,  it 
appears  that  it  is  to  be  done  on  this  basis.  As  yet  we 
have  been  unable  to  conceive  a  method  of  testing  or 
experimenting  that  will  prove  conclusively  how  much  the 
factor  of  safety  can  be  changed  because  of  this  time  ele- 
ment. Any  suggestions  along  this  line  will  be  appreci- 
ated. I  have,  however,  taken  a  2-ton  chassis  and 
installed  engines  designed  for  3-ton  trucks,  and  made  the 
trucks  haul  3y2  tons  of  freight  very  successfully.  From 
numerous  other  trials  like  this  I  conclude  tl^at  if  a  factor 
of  safety  of  6  is  safe  with  solid  tires,  a  factor  of  5 
can  be  allowed  for  pneumatic  equipment.  This  refers 
mainly  to  unsprung  parts.  Regarding  sprung  parts,  it  is 
diffrcult  even  to  estimate  the  allowable  stresses.  It  ap- 
pears that  the  factor  of  safety  can  be  reduced  but  not  so 
much  as  in  the  case  of  unsprung  parts.  For  instance, 
with  pneumatic  tires,  the  frame  is  "not  deteriorated  by 
shocks  in  the  same  manner  as  when  solid  tires  are  used, 
the  rivets  stay  tight,  etc.  Fig.  12  shows  how  the  engine 
is  cushioned  by  the  pneumatic  tire. 

Emergency  Equipment 

The  method  of  carrying  spare  tires  is  quite  a  problem. 
However,  it  is  worth  while  to  make  pi^vision  for  carrying 
this  spare  equipment  when  designing  the  body  or  chassis. 
Probably  the  best  solution  is  to  place  a  compartment 
directly  back  of  the  driver's  seat  so  that  the  tire  can  be 
removed  and  replaced  without  disturbing  the  pay  load. 
The  next  best  place  is  under  the  chassis  frame  at  the 
rear  and  at  the  side  opposite  the  muffler. 

A  power-driven  tire  pump  is  indispensable  when  pneu- 
matic tires  are  used  for  the  main  reason  that  the  truck 
cannot  be  moved  any  distance  on  a  deflated  tire  without 
causing  serious  damage.  Even  though  the  truck  is 
equipped  with  demountable  rims  and  inflated  spare  tires 
are  carried,  there  will  be  times  when  a  single  use  of  the 
air  pump  will  be  worth  the  cost  of  the  pump.  Having 
the  tire  pump  installed  on  the  truck  will  facilitate  keep- 
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5  6  "^   a   e  w      II 

Load  in  Thousand  Pounds 

Fig.   10 — Comparison  op  the  Ratb  of  Deflection  op  Solid  and 
Pneumatic  Tires 

ing  the  tires  properly  inflated  and  produce  better  tire 
mileage;  this  factor  alone  will  easily  overcome  the  cost 
of  the  tire  pump  and  in  addition  yield  good  returns.  This 
pump  should  be  designed  to  drive  from  the  transmission. 
At  least  this  is  preferable ;  a  pump  mounted  on  the  engine 
adds  to  the  congestion  under  the  hood,  and  the  small  shaft 
available,  already  carrying  the  water  pump  and  magneto, 
is  not  strong  enough  for  an  air  pump.  The  pump  can 
best  be  air-cooled,  due  to  its  intermittent  service  and 
the  difficulty  of  embodying  any  efficient  water-cooling 
arrangement  without  much  expense.  Also,  its  lubrication 
should  be  well  worked  out,  with  a  view  toward  avoiding 
any  oil  discharge  that  would  injure  the  inner  tube.  The 
speed  at  which  the  pump  is  to  operate  should  not  exceed 
one-half  of  the  governed  engine  speed  and  in  no  case 
should  it  be  over  600  r.p.m.  The  pump  should  operate  to 
permit  complete  inflation  of  a  10-in.  tire  in  approximately 
10  min.  This  figure  is  being  realized  by  several  pumps 
now  on  the  market. 

It  is  worthy  of  note  that  a  44  by  10-in.  tire  contains 
5700  cu.  in.  of  air  space.  The  area  of  the  orifice  through 
which  the  air  must  pass  in  a  standard  tire  valve  is 
0.00307  sq.  in.    Hence,  if  a  pressure  of  200  lb.  per  sq.  in. 
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upon  this  orifice  is  assumed,  the  minimum  time  of  infla^ 
tion  of  a  44  by  10-in.  tire  would  be  about  6  min. 

It  is  debatable  whether  a  two-stage  pump  is  necessary 
in  this  service.  Certainly,  present  design  would  not  in- 
dicate this  to  be  true,  as  there  are  single-stage  pumps 
quite  as  efficient  as  any  two-stage,  for  this  relatively 
small  volume.  It  is  suggested  that  the  air  intake  on  the 
pumps  be  piped  to  a  clean  point  on  the  truck,  perhaps 
under  the  seat,  thus  preventing  dirt  from  being  sucked 
into  working  parts.  At  least  6  ft.  of  copper  tubing 
should  be  placed  between  the  pump  and  the  hose,  to  avoid 
burning  off  the  latter.  The  advisability  of  placing  a 
small  receiving  chamber  in  the  line  has  been  suggested. 
This  would  equalize  the  air  pressure  and  assist  in  reduc- 
ing the  excessive  temperature  of  the  air  delivered. 

New  Sex-Wheel  Truck 

It  may  interest  you  to  know  that  my  company  has 
under  construction  at  present  two  5-ton  trucks  of  six- 
wheel  design.  These  trucks  will  have  the  following  speci- 
fications : 

Engine,  5  by  6  in.;  four-cylinder 

Transmission,  unit  powerplant  and  auxiliary;  14  to  1 
low-gear  reduction 

Rear  axle,  Goodyear  tandem  rear.  Made  up  of  two 
worm-drive  axles,  intended  for  use  on  IV^-ton  solid- 
tire  trucks  in  one  case,  and  two  internal-gear  axles 
of  the  same  rated  size  in  the  other.  The  rear-axle 
gear-reduction  is  5.8  to  1 

Front  axle,  intended  for  a  3^ -ton  solid-tire  truck 

Frame,  3  by  7  by  %  in.,  pressed  steel 

Tires,  40  by  8  in.  pneumatic;  six  in  all 

On  account  of  the  large  size  and  weight  of  the  48  by 
12-in.  pneumatic  tire  for  the  5-ton  trucks,  it  was  neces- 
sary to  consider  the  application  of  four  tires  to  the  rear 
of  the  truck,  instead  of  having  two  of  the  excessively 
large  ones.  The  first  attempt  at  an  arrangement  for 
applying  four  small  tires  to  the  rear,  without  using  dual 
tires,  which  is  considered  out  of  the  question,  is  shown  in 
Fig.  13.  This  consisted  of  a  more  or  less  standard  rear 
axle  with  a  walking-beam  adapted  to  each  end  and  with 
the  wheels  mounted  upon  trunnions  from  this  walking- 
beam,  the  springs  being  mounted  upon  the  axle  and  at- 
tached to  the  frame  on  the  inside.  A  chain  drive,  which, 
by  the  way,  is  about  the  only  feasible  drive  with  this 
arrangement,  was  used.    This  construction  ran  succes9- 
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fully  for  about  10,000  miles  before  a  serious  failure 
occurred.  Some  inconvenience  was  caused  by  having  the 
chains  jump  off  and  inability  to  get  a  brake  mechanism 
that  would  work.  The  main  point  against  this  design  is 
its  enormous  weight;  however,  it  served  to  show  that 
satisfactory  tire  mileage  could  be  secured  from  such  an 
arrangement  and  that  there  was  a  good  possibility  of 
adapting  four  relatively  small  tires  to  the  rear  wheel.  To 
develop  further  this  point,  the  tandem-axle  construction, 
shown  in  Figs.  14  and  16,  was  built  up.  This  construe-' 
tion  appears  to  have  good  possibilities  and  has  at  present 
operated  about  3300  miles,  1000  to  1200  miles  of  which 
has  been  on  an  entirely  rough  and  uneven  country  road, 
so  rough  in  fact  that  it  was  difficult  to  keep  the  front 
spring  tight.  The  principle  of  construction  can  easily  be 
seen  by  referring  to  the  illustration.  It  consists  of  two 
small  live-axles,  with  inverted  springs  pivoted  at  the  cen- 
ter upon  the  frame  and  with  the  ends  resting  upon  the 
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axles.  The  axles  are  tied  together  by  crossed  torque-rods. 
The  drive  is  passed  through  the  forward  to  the  rear  axle 
by  a  short  propeller-shaft. 

Fig.  16  indicates  the  possibility  of  using  four  springs 
to  tie  the  axles  together  and  is  a  very  feasible  construc- 


FiG.  13 — First  Attempt  at  Using  Four  Small  Tires  for  the  Rear 
OF  A  Six- Wheel  Truck 

tion  to  use  in  connection  with  the  tandem  rear-drive. 
While  the  drive  described  here  is  worked  out  for  a  truck 
of  6-tons'  capacity,  it  is  equally  applicable  to  one  of  7-tons' 
capacity.  Some  of  the  advantages  the  six-wheel  truck 
has  over  the  regular  type  of  the  same  capacity,  on  48  by 
12-in.  pneumatic  tires,  are: 

(1)  Saving  in  cost 

(2)  Reduction  in  weight 

(3)  Reduction  in  axle  cost 

(4)  Increased  traction 

(5)  Better  riding  qualities 

(6)  Less  damage  to  roads 

(7)  Larger  brakes 

(8)  Greater  operating  radius 

Compared    to    the   pneumatic-tired    four-wheel    truck 
using  tires  of  large  diameter,  namely  48  by  12  in.,  the 
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Fig.  14 — Side  View  of  the  Tandem-Axle  Construction  That  Was 
Developed 

saving  by  using  four  smaller  tires  is  about  $500;  suffi- 
cient to  purchase  three  or  four  complete  spares. 

Each  40  by  8-in.  tire  weighs  only  119  lb.,  whereas  each 
48  by  12-in.  tire  weighs  398  lb.    Carrying  a  spare  tire  in 


Fig.  15 — View  Looking  from  Rear  of  the  Truck  at  the  Tandem 

Axle 
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each  case,  the  total  weight  reduction  in  tires  alone 
amounts  to  over  500  lb.  in  favor  of  the  8-in.  size.  Then 
again,  the  8-in.  spare  can  also  be  used  as  a  front-wheel 
spare;  this  reduces  the  tire  investment  still  further. 

The  use  of  two  rear  axles  in  tandem,  results  in  the 
employment  of  small  axles  which  are  in  large  production 
with  consequent  lower  costs, .  instead  of  the  large  sizes 
that  are  made  only  in  small  quantities  with  relatively 
high  costs.  The  actual  saving  amounts  to  about  $120  per 
truck.  This  means  that  the  tandem  rear-drive  mechanism 
costs  somewhat  less  than  standard  two-wheel  rear-drive 
for  heavy  trucks. 


Fio.   16 — Four  Springs  Usbd  To  Tie  the  Axlbs  Toobthbr  in  the 

TA.NDBM-AXL.E   CONSTRUCTION 

While  four  8-in.  wheels  with  the  brake-drums,  etc., 

weigh  77  lb.  more  than  the  same  truck  equipment  for 

>  12-in.  tires,  there  is  a  saving  in  weight  of  1203  lb.  per 

truck.      The    details    of    this    reduction    are   given    in 

Table  11. 

As  compared  with  a  solid-tired  truck  of  equal  weight 
capacity,  we  have  the  savings  given  in  Table  12. 

The  area  of  ground  contact  of  four  8-in.  pneumatic 
tires  is  about  27  per  cent  greater  than  that  of  two  12-in. 
pneumatics.  This  additional  surface  keeps  the  tires  from 
sinking  in  soft  places,  gives  better  traction  under  condi- 
tions when  most  needed  and  in  ordinary  service  the  addi- 
tional area  gives  better  traction.  As  compared  to  solid 
tires  in  winter  service,  off  of  paved  roads,  etc.,  the  four 
pneumatic  tires  have  all  of  the  advantage. 

The  tandem  rear  drive  has  about  the  same  advanta- 
geous effects  over  single-axle  construction  tha£  the  imeu- 
matic  would  have  over  solid  tires.    With  the  tandem  corn- 
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TABLfi  11 

Lb. 

Weight  of  5-ton  truck  axle,  exclusive  of  brake-drum  1 ,  660 
Weight  of  two  IJ^ton  solid-tire  axles,  exclusive  of 

brake-drum  1,200 

Saving  in  axle  weight                                  '  460 

Saving  in  weight  of  tires  520 

Total  saving  980 

Less  excess  wheel  and  brake-drum  weights  77 

Net  saving  in  weight  due  to  use  of  8-in.  tires  903 

Saving  in  weight  of  radius-rods,  springs,  etc.  300 

Net  total  saving  in  weight  1,203 


bination,  when  passing  over  an  obstruction  in  the  road 
the  chassis  is  raised  only  one-half  the  distance  it  would 
be  in  the  regular  type  of  construction.  This  reduces  the 
acceleration  of  bodies  upon  the  chassis  to  one-fourth  that 
with  ordinary  construction.  Thus,  by  reducing  shocks 
and  vibration,  the  number  and  cost  of  repairs  due  to 
fatigue  of  metal,  etc.,  are  reduced  by  a  large  percentage. 

The  tandem  construction  makes  for  such  exceptional 

.  riding  qualities  that  a  glass  filled  with  water  to  within 

1  in.  of  the  top,  attached  to  the  rear  of  the  six-wheel 

truck,  lost  none  of  its  contents  even  when  operated  over 

a  decidedly  rough  and  rocky  road. 

The  most  destructive  factors  of  the  operation  of  vehi- 
cles upon  pavements  are  the  wheel-load  and  the  wheel- 
thrust.  Therefore,  if  one  of  two  tires  under  the  rear  end 
of  a  standard  5-ton  truck  bears  down  upon  the  road  with 
a  pressure  of  8000  lb.,  it  will  find  a  great  many  places 
where  the  road  will  allow  it  to  crush  through  and  once 
the  break  is  accomplished  a  rut  or  chuck-hole  is  started. 
However,  if  this  single  tire  is  replaced  by  two  that  are 
separated  a  considerable  distance,  the  pressure  of  each  of 
the  smaller  tires  becomes  4000  lb.  upon  the  pavement  in- 


TABLE  12 

Lb. 
Weight  of  two  48  by  12-in.  solid  tires  and  wheels  1,262 
Weight  of  four  40  by  8-in.  pneumatic  tires  and  wheels  1 ,208 

Excess  weight  of  solid-tire  equipment  54 

Saving  in  weight  of  axle  460 

Saving  in  weight  of  springs,  radius-rods,  etc.  300 

Total  saving  over  solid  tires  814 
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stead  of  8000  lb.  and  a  place  in  the  road  that  will  break 
through  is  seldom  found. 

This  tandem  rear-drive  cuts  in  two  the  heavy  wheel- 
loads  and  the  thrust  as  well,  thereby  making  it  possible 
to  design  pavements  suitable  for  3y2-ton  trucks,  and 
carry  5  and  7-ton  loads  upon  them  with  no  increase  in 
their  destruction. 

The  tandem-axle  combination  has  a  decided  advantage 
over  both  the  regular  pneumatic  and  solid-tired  types  in 
that  four  brakes  of  21-in.  diameter  are  available  in  place 
of  two  brakes  of  21-in.  diameter,  the  maximum  possible  ■ 
with  the  two-wheel  rear-drive  t3i>e. 

Pneumatic  tires  permit  of  an  increase  in  the  average 
speed  to  just  double  that  with  solid  tires  and  the  tan- 
dem rear-drive  will  permit  increased  minimum  speeds  on 
bad  roads,  rough  streets,  etc.  In  view  of  the  fact  that 
the  trucks  now  building  are  for  the  purpose  of  demon- 
strating these  points,  I  am  very  desirous  that  you  gentle- 
men suggest  tests  that  you  consider  would  prove  the 
points  that  are  yet  open  for  proof. 

Summary 

The  design  of  the  ultimate  motor  truck  to  use  pneu- 
matic tires  will  in  general  require  the  following  changes 
from  present  solid-tire  design: 

(1)  Considerably  higher  rear-axle  gear-reductions, 
ranging  from  5  to  8  for  pneumatics  as  against  7  to 
16  for  solid  tires 

(2)  About  15  per  cent  increase  in  engine  sizes 

(3)  Lower  transmission  low-gear  reductions,  ranging 
from  9  to  14  for  pneumatic  as  against  present 
solid-tire  practice  of  3  1/3  to  6.  This  will  automat- 
ically introduce  a  fifth  speed,  which  will  account  for 
better  average  road  speed 

(4)  Lighter  unsprung  parts  such  as  front  and  rear 
axles  and  wheels 

(5)  Multiple-wheel  construction  to  accommodate  the 
heavier  tonnage,  securing  the  advantages  of  pneu- 
matic-tire equipment 

THE    DISCUSSION 

T.  Kargau: — I  was  privileged  recently  to  see  some 
of  the  original  data  used  by  Mr.  McCreery  in  his  paper. 
His  associates  were  devoting  much  time  to  an  analysis 
of  the  performance  of  pneumatic  tires  which  they  dis- 
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tributed  to  replace  solid  tires.  In  several  cases  the  Good- 
year Company  has  substituted  pneumatic  for  solid  tires 
with  the  intention  of  running  a  six  months'  test,  one-half 
or  one-third  of  each  fleet  being  equipped  with  pneumatics. 
After  one  month  the  owners  of  the  fleets  in  many  cases 
would  not  allow  the  tests  to  continue,  but  changed  over 
all  trucks  to  pneumatic  tires  because  they  could  not  af- 
ford to  let  the  others  run  on  solid  tires.  The  costs  in 
all  cases  were  kept  according  to  the  National  Standard 
Truck  Cost  System.  When  I  saw  some  of  the  figures  I 
could  scarcely  believe  them.  Occasionally  a  30  per  cent 
saving  of  gasoline  was  shown  and  a  few  instances  were 
given  where  perhaps  50  per  cent  of  the  oil  was  saved. 
Owners  have  perhaps  over-estimated  the  mileage  in 
-some  cases,  but  there  is  little  doubt  that  many  of  these 
tires  have  run  more  than  20,000  miles. 

It  appears  to  me  that  Mr.  Norton  is  absolutely  cor- 
rect in  making  the  statement  that  the  pneumatic  field  is 
open  and  that  two  years  hence  everything  up  to  the 
2-ton  size  will  be  pneumatic-equipped.  There  are  some 
serious  objections  to  what  is  being  done  with  pneumatic 
tires  by  certain  companies  at  present.  There  is  a  ten- 
dency, at  least  among  salesmen,  to  place  the  speed  limit  on 
pneumatic  tires  at  about  40  m.p.h.  The  average  truck  on 
the  market  today,  if  it  were  traveling  40  m.p.h.,  would 
require  service,  and  emergency  and  a  few  other  brakes  to 
hold  it  if  it  had  to  be  stopped  quickly.  That  is  the  one 
outstanding  feature  regarding  changing  to  pneumatic 
equipment;  the  present  brake  equipment  will  prove  inade- 
quate at  high  speeds. 

A  Membee: — ^What  experience  have  the  users  had  in 
keeping  the  pneumatic  tires  on  trucks  properly  inflated? 
What  effect  do  properly  or  improperly  inflated  pneumatic 
tires  have  upon  the  steering  apparatus? 

0.  C.  Berry: — How  does  Mr.  McCreery  explain  a 
seeming  discrepancy  in  the  evidence.  Tables  2  and  3 
show  that  when  the  trucks  were  equipped  with  pneumatic 
tires  they  used  less  gasoline  and  less  oil  than  with  solid 
tires.  Granting  that  the  use  of  pneumatic  tires  will  re- 
sult in  the  truck  requiring  less  power  when  running  at 
an  ordinary  speed  on  a  good  road,  it  may  nevertheless 
be  pointed  out  that  it  will  require  an  equal  amount  of 
power  to  start  the  load  or  to  get  through  a  very  difficult 
piece  of  road;  so  that,  no  matter  whether  pneumatic  or 
solid  tires  are  used,  the  trucks  must  be  equipped  with 
engines  having  the  same  power  capacity.    The  pneumatic 
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tires  will  therefore  result  in  the  standard  truck  engine 
running  under  a  lighter  load,  or  at  a  higher  speed,  or 
both. 

My  experience  with  engines  indicates  that  they  do  not 
use  less  oil  at  light  than  at  heavy  loads.  If  the  oil  used 
be  expressed  in  pounds  per  IjQOO^OOO  revolutions,  or  in 
pounds  per  truck-mile,  the  amount  used  will  not  vary  very 
much  as  the  speed  of  the  engine  is  changed,  and  will 
not  decrease  as  the  load  is  decreased.  It  is  therefore 
easy  to  understand  why  the  pneumatic  tires  "Would  cause 
the  truck  to  run  more  miles  per  gallon  of  gasoline,  but 
hard  to  account  for  the  use  of  less  lubricating  oil,  unless 
there  is  some  other  factor  involved  that  is  not  indicated 
in  the  paper.  In  view  of  the  extreme  difiSculty  that  is 
always  encountered  in  controlling  the  running  conditions 
in  xoad  tests,  I  therefore  inquire  whether  in  the  opinion 
of  Mr.  McCreery  the  tests  were  checked  sufficiently  to 
substantiate  the  fact  that  the  results  reported  in  Tables 
2  and  3  are  characteristic  and  that  pneumatic  tires 
do  result  in  the  use  of  less  lubricating  oil. 

N.  B.  BURKNESS: — I  know  of  a  case  where  seven  first- 
class  2-ton  trucks  equipped  with  solid  tires  were  re- 
equipped  with  pneumatic  tires.  The  speed  limit  in  the 
locality  was  28  m.p.h.  The  seven  trucks  exceeded  that 
limit  invariably. 

A  Member: — If  the  standard  solid-tire  equipment  is 
changed  to  pneumatic,  the  load  capacity  of  the  truck  is 
increased  invariably.  What  reasons  can  be  given  for 
this? 

W.  G.  Wall: — ^What  data  are  available  as  to  the  com- 
parative ability  of  a  truck  equipped  with  solid  and  one 
with  pneumatic  tires,  to  go  through  rough  roads  and 
mud?  I  observed  some  interesting  tests  made  about 
three  years  ago,  which  I  believe  Colonel  Slade  conducted. 
He  had^four  or  more  different  makes  of  truck,  two  of 
each.  One  of  each  make  was  equipped  with  pneumatic 
and  the  other  with  solid  tires.  The  pneumatic  tires  per- 
formed remarkably  well  on  all  the  good  roads.  There 
was  no  question  that  the  pneumatic  tire  seemed  to  come 
out  ahead  in  all  the  good-road  tests.  I  was  rather  sur- 
prised, however,  when  the  ability  of  these  tires  to  go 
through  mud  was  tested.  The  ground  they  were  pulling 
through  was  rather  soft,  and  the  wheels  sank  in  from  10 
to  15  in.  Ability  was  shown  by  the  distance  they  were 
able  to  go  without  stalling  the  engines.  That  distance 
seemed  to  be  exactly  the  same  with  pneumatic  or  solid 
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tires.  The  various  makes  of  truck  went  different  dis- 
tances, but  all  became  stalled  eventually,  so  it  was  diffi- 
cult  to  judgre  whether  there  is  really  any  difference  in 
power  required  between  the  pneumatic  and  the  solid 
tires,  in  pulling  through  mud.  During  the  tests  both 
seemed  to  sink  down  the  same  distance  and  both  showed 
that  they  required  about  the  same  amount  of  power  to 
get  them  through. 

President  Vincent: — Did  both  the  trucks  have  the 
same  gear  ratios? 

Mr.  Burkness: — The  ratios  were  the  same.  The  solid 
tires  were  36  by  6  in.  and  the  pneumatic  38  by  7  in. 

Charles  Guernsey:— I  believe  that  the  analysis  of 
this  problem  as  presented  by  these  two  authors  will  be 
of  considerable  benefit.  The  matter  of  steering  was  men- 
tioned in  Mr.  McCreery's  paper.  It  has  been  our  experi- 
ence that  trucks  equipped  with  pneumatic  tires  steered 
considerably  harder,  even  when  the  tires  are  highly  in- 
flated, than  the  same  trucks  when  equipped  with  solid 
tires.  I  agree  with  the  authors  in  their  statement  that 
it  will  be  necessary  to  design  trucks  specially  to  meet  the 
new  conditions  created  by  the  use  of  pneumatic  tires. 
One  of  the  most  important  advantages  of  the  pneumatic 
tires  is  the  increased  speed  which  they  permit.  To  real- 
ize on  this  advantage  it  is  necessary  to  design  the  truck 
to  fit  the  conditions. 

Mr.  McCreery  prophesies  a  material  saving  in  weight 
when  trucks  are  designed  solely  for  pneumatic  tires.  It 
is  my  belief  that,  while  weight  may  be  saved  at  some 
points,  it  must  be  added  at  others  and  that,  given  the 
same  standard  of  engineering,  the  pneumatic-tired  truck 
will  weigh  practically  the  same  as  the  solid-tired  truck 
of  the  same  capacity. 

Some  time  ago  I  made  an  analysis  of  practice  in  the 
design  of  front-axle  centers  and  found  that  it  was  com- 
mon to  use  stresses  in  passenger-car  design  which  were 
higher  than  the  stresses  in  solid-tired  truck  design  in 
the  ratio  of  10  to  8.  This  would  indicate  that  all  load- 
carrying  members  might  be  made  20  per  cent  lighter  in 
the  case  of  pneumatic  tires.  As  a  matter  of  fact,  how- 
ever, the  size  and  weight  of  a  number  of  these  load- 
carrying  parts  are  determined  by  manufacturing  condi- 
tions rather  than  by  stresses.  It  would  appear,  there- 
fore, that  we  can  expect  a  saving  in  weight  of  something 
less  than  20  per  cent  of  the  load-carrying  parts,  such  as 
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axle  centers,  spindles,  rear-axle  housings  and  spring 
shackles. 

On  account  of  the  higher  speed  of  pneumatic-tired 
trucks,  it  is  necessary  to  increase  the  gear  ratio  materi- 
ally to  keep  the  engine  speed  within  reason.  This  re- 
quires that  larger  engines  be  used.  These  large  engines 
in  turn  necessitate  more  radiation,  heavier  clutches  and 
transmissions  and  propeller-shafts.  In  fact,  the  power 
line  will  need  to  be  made  heavier  all  through.  The  in- 
creased weight  of  the  heavier  engine,  transmission, 
clutch,  etc.,  will  more  than  offset  any  saving  in  the  axle 
load-carrying  members.  Weight  can  undoubtedly  be 
saved  by  the  substitution  of  lighter  materials  of  con- 
struction, but  this  change  is  not  affected  by  the  tire 
situation. 

As  regards  the  possibilities  of  various  sizes  of  tires,  I 
believe  that  neither  of  the  authors  will  take  exception  to 
the  statement  that  tires  44  by  10  in.,  or  larger,  cannot 
be  satisfactorily  used  in  any  great  number  of  cases.  It 
would  therefore  appear .  that  the  possibilities  of  dual 
pneumatic  tire  equipment  or  the  six-wheeled  truck,  men- 
tioned by  Mr.  McCreery,  need  to  be  watched. 

G.  L.  Lavery: — The  subject  of  steel  wheels  is  perti- 
nent to  the  matter  Mr.  McCreery  speaks  of,  but  it  has 
pot  been  mentioned  by  him  in  his  remarks  on  pneumatic 
tires  for  trucks.  Much  weight  can  be  saved  on  wheels 
for  pneumatic  tires  compared  to  what  is  required  with 
wheels  for  solid-tired  trucks.  Solid-tire  wheels  must  be 
made  very  strong,  much  stronger  than  would  ordinarily 
be  necessary,  as,  in  cases  where  the  tires  are  worn  down 
to  the  tire  band,  the  load  has  to  be  carried  on  the  wheels 
themselves  to  bring  the  load  home;  with  pneumatic  tires 
the  wheel  can  be  made  as  light  as  it  can  be  run  when 
cast  in  the  foundry.  In  the  case  of  the  38  by  7-in.  de- 
mountable wheel  the  weight  of  the  wheel  itself,  with  the 
hub  cast  integrally  with  the  wheel,  is  about  72  lb.  less 
than  the  weight  of  the  demountable  rim  that  surrounds  it. 
The  solid-tire  wheel  of  the  same  capacity  will  weigh  from 
260  to  300  lb. 

The  brakes  on  the  "ultimate"  truck  will  need  to  be  of  a 
different  character  from  that  of  those  now  in  use,  be- 
cause the  wheel  diameter  for  pneumatic  tires  has  been 
established  at  24  in.,  irrespective  of  the  size  of  tire.  The 
inner  diameter  of  the  brake-drum  used  at  present  on  the 
5-ton  truck  is  larger  than  the  diameter  of  the  pneumatic- 
tire  wheel  and,  in  designing  the  new  type  of  brake-drum 
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the  outside  diameter  of  the  wheel  should  be  considered. 

F.  J.  Sullivan  : — In  using  pneumatic  tires  is  it  neces- 
sary to  have  longer  bearings  on  the  wheels  owing  to  the 
thrust  produced  in  turning  comers?  Is  it  not  a  fact  that 
the  larger  tires  are  subject  to  trouble  caused  by  the 
sidewalls  cracking  because  of  going  through  deep  ruts? 
Why  do  the  smaller  36  by  6-in.  or  88  by  7-in.  cord  tires 
stand  up  better? 

L.  C.  Fisk: — ^Has  Mr.  McCreery  noticed  any  differ- 
ence in  bearing  performance  in  the  trucks  that  have  been 
making  the  long  haul  between  Akron  and  Boston?  Have 
the  bearings  given  trouble  or  has  their  performance 
been  better  than  might  have  been  expected  if  the  trucks 
had  been  equipped  with  solid  tires? 

E.  T.  Birdsall: — I  know  of  a  well-known  truck  manu- 
facturer who  never  used  any  pneumatic  tires  until  last 
year.  The  company  had  been  exceptionally  free  from 
front-spindle  trouble.  Its  front  axles  and  spindles  had 
been  made  very  heavy  and  of  a  good  grade  of  alloy  steel. 
Since  its  customers  have  put  pneumatic  tires  on  some  of 
the  trucks  a  number  of  front  spindles  have  broken.  It 
seems  to  me  that  this  is  due  primarily  to  the  increase  in 
speed ;  it  would  appear  that  when  the  speed  of  the  trucks 
is  doubled,  the  road  shocks  are  more  than  doubled.  I 
have  no  Accurate  data  in  regard  to  that.  In  general,  I 
believe  that  the  pneumatic-tired  truck  is  the  coming 
truck.  I  have  ridden  on  the  six-wheel  truck,  and  I  am 
convinced  that  it  has  good  possibilities. 

At  present  we  are  thinking  mainly  of  freight-carry- 
ing trucks,  but  I  believe  that  one  of  the  largest  fields 
that  is  about  to  be  developed  is  that  of  the  large 
omnibus.  There  is  no  question  that  we  can  operate  om- 
nibuses in  congested  districts  better  than  we  can  cars 
on  rails.  I  say  that  from  a  fifteen-year  experience  in  the 
street  railway  business,  and  about  the  same  or  more  in 
the  automobile  business.  For  the  large  omnibuses  carry- 
ing thirty  or  forty  passengers,  the  six-wheel  idea  offers 
many  advantages.  At  the  Goodyear  plant  in  Akron  we 
rode  along  smoothly  over  rough  roads  on  six  wheels,  al- 
though we  were  sitting  on  sandbags  and  the  springs  were 
none  too  good;  the  performance  was  really  wonderful. 
If  anyone  has  mentally  compared  changing  those  48  by 
12-in.  tires,  and  the  40  by  8-in.  size,  and  can  imagine 
being  out  in  the  country  with  one  or  the  other  to  fix, 
there  would  be  no  question  as  to  choice. 

E.  A.  Bell: — It  might  be  of  interest  to  know  what 
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the  actual  experience  of  my  company  has  been  with  the 
pneumatic  tire.  We  had  five  trucks.  They  were  (aerat- 
ing in  Australia  and  were  originally  fitted  with  pneu- 
matic tires.  After  two  years  of  operation  we  found  we 
had  had  to  renew  the  rear  axles  and  bearings  twice.  I 
decided  to  change  the  bearings.  The  size  of  the  tires, 
when  fitted,  slightly  raised  the  ratio.  We  found  after 
twelve  months'  operation  that  we  were  actually  8  to  9i/^ 
per  cent  better  off  regarding  gasoline  consumption. 

Regarding  the  steering,  we  found  it  undoubtedly  eas- 
ier. As  to  bearings,  after  two  years'  further  operation 
with  the  pneumatic  tires,  we  had  no  need  to  renew  a 
single  bearing  in  the  five  rear  axles.  Previously,  with 
solid  tires  we  had  had  two  sets  of  bearings. 

We  found  it  necessary  to  use  what  we  call  security 
bolts  on  the  tires  in  traveling  on  rough  roads;  other- 
wise we  were  continually  ripping  the  valves  out.  We 
used  the  beaded-edge  tire. 

In  reference  to  the  remark  in  Mr.  McCreery's  paper 
that  it  is  very  rarely  found  that  the  pneumatic  tire  goes 
fiat  suddenly,  our  experience  has  been  that  if  it  gets  a 
puncture,  the  tire  is  fiat  before  it  goes  many  feet  far- 
ther and  in  almost  every  case  it  requires  a  new  section. 
In  fact,  when  th^  tire  goes  fiat,  it  goes  very  quickly. 
Those  have  been  our  actual  experiences  in  Australia. 

E.  E.  Wemp: — ^We  have  very  recently  developed,  and 
are  marketing  a  lV2-ton  speed  truck.  Our  experience 
thus  far  has  shown  a  very  decided  advantage  in  the  use 
of  pneumatic  tires  over  solid-tire  equipment.  We  have 
been  able  to  improve  the  gasoline  economy,  and  the  gen- 
eral wear-and-tear  on  the  chassis  has  been  apparently 
materially  reduced  on  account  of  the  better  suspension. 

In  the  development  of  the  job  it  was  our  purpose  to 
hold  the  chassis  weight  down,  and  very  careful  consider- 
ation was  given  to  details  of  construction  whereby  the 
weight  would  be  reduced  without  sacrifice  of  strength. 
The  reduction  of  weight  was  accomplished  very  largely 
by  careful  design  and  without  resorting^  to  other  than 
conventional  materials.  In  this  regard  it  is  our  opinion 
that  the  weight  can  be  reduced  considerably  more  by  the 
judicious  use  of  aluminum,  in  place  of  malleable  cast- 
ings, cast  iron  and  the  like.  After  listening  to  the  paper 
and  the  discussion  on  the  use  of  aluminum  in  axles,  and 
particularly  in  wheels,  it  would  seem  that  there  is  a 
possibility  of  making  a  considerable  reduction  in  weight 
by  the  use  of  aluminum  for  those  parts.    In  general,  I 
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believe  the  industry  is  becoming  aware  of  the  impor- 
tance of  reducing  chassis  weight  to  the  minimum,  and 
that  great  progress  will  be  made  in  the  near  future 
toward  the  accomplishment  of  this  purpose. 

Another  point  which  I  believe  will  stand  investigation 
on  the  part  of  engineers  is  the  weight  of  commercial- 
vehicle  bodies.  It  would  seem  in  looking  over  conven- 
tional body  construction  that  less  progress  has  been  made 
in  the  art  of  body  design  than  in  any  other  element  of 
chassis  development.  The  bodies  of  today  are  built  along 
the  same  lines  as  those  of  the  preceding  decade,  and  it 
would  seem  that  the  standard  body  allowances  as  estab- 
lished by  the  National  Automobile  Chamber  of  Com- 
merce will  require  a  revision  in  view  of  the  develop- 
ment of  high-speed  pneumatic-tired  vehicles.  After  con- 
siderable investigation  along  these  lines  it  would  appear 
that  the  pi^oper  selection  of  body  materials  and  the  dis- 
position of  the  materials,  so  as  to  obtain  maximum 
strength  with  minimum  weight,  will  make  it  possible  to 
reduce  body  weights,  particularly  in  the  smaller  sizes, 
from  20  to  80  per  cent. 

The  problem  of  ample  braking. capacity  is  one  of  the 
most  serious  ones  encountered  in  the  design  of  the  high- 
speed pneumatic-tired  truck.  The  kinetic  energy  of  the 
vehicle  increasing  as  the  square  of  the  velocity  makes 
the  problem  of  braking  one  that  is  most  pertinent. 

The  question  of  final-drive  on  comparatively  light 
high-speed  trucks  is  one  which  can  be  given  a  great  deal 
of  attention.  At  present  chassis  of  this  character  hav- 
ing a  capacity  of  %  ton  are  ordinarily  equipped  with  a 
plain  bevel-gear  type  of  axle,  and  the  necessary  ratio  is 
obtained  in  one  reduction.  When  the  capacities  are  in- 
creased to  1%-ton,  it  is  rather  hard  to  obtain  the  neces- 
sary ratio  with  a  bevel-gear  drive.  Much  thought  is  be- 
ing given  to  this  problem,  at  least  in  an  experimental 
way,  whereby  the  maximum  ratio  obtainable  in  a  bevel- 
gear  drive  has  been  very  considerably  increased.  It  may 
be  that  with  further  work  in  this  direction  the  solution 
of  the  rear-axle  problem  for  a  vehicle  of  IV^-ton  capacity 
will  lie  in  the  bevel-gear  type.  It  might  be  possible  to 
accomplish  the  results  by  a  reduction  at  the  rear  end  of 
the  transmission  and  a  second  reduction  through  the  or- 
dinary type  of  bevel-gekr  axle.  This  would  permit  a 
large  variety  of  speed  ratios  within  the  range  of  bevel- 
gear  sizes  commercially  available  at  this  time.  It  would 
incidentally  reduce  the  weight  of  the  axle,  which  nat- 
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urally  is  an  ^vantage  inasmuch  as  the  mass  of  the 
axle  in  itself  is  unsprung. 

I  was  very  much  interested  in  the  description  of  the 
six-wheel-drive  truck,  having  a  capacity  of  5  or  6  tons 
and  mounted  on  40  by  8-in.  tires,  both  front  and  rear. 
This  design  would  appear  to  be  a  step  in  the  right  di- 
rection for  solving/the  problem  of  heavy-duty  pneumatic- 
equipped  trucks;  Undoubtedly  there  are  many  problems 
in  the  design  yet  to  be  solved,  but  fundamentally  the  idea 
appears  to  be  sound  and  it  may  be  that  in  the  final  anal- 
ysis the  cost  of  the  bevel-axle  equipment  in  the  rear,  to- 
gether with  smaller  wheels  and  tires,  will  compare  fa- 
vorably with  single-axle  construction,  necessarily  of 
greater  weight  and  cost.  From  the  standpoint  of  tire 
replacements  on  the  road  the  advantage  of  a  smaller  tire 
is  obvious. 

The  next  few  years  are  bound  to  see  tremendous  devel- 
opment in  the  use  of  pneumatic-equipped  trucks. 

G.  M.  MgGreery: — One  point  was  brought  up  regard- 
ing solid  tires  and  pneumatic  tires  stalling  under  ap- 
proximately the  same  conditions.  The  remedy  for  that, 
as  I  see  it,  is  a  limitation  of  both  the  motive  power  and 
.  the  gear  ratio.  In  other  words,  our  rear  tires  have  been 
stuck  many  times ;  we  have  had  cases  where  we  had  in- 
sufficient power  to  pull  out. 

As  to  the  matter  of  using  lighter  parts  in  trucks  on 
which  pneumatic  tires  are  used,  theory  is  one  thing  and 
actual  practice  another.  Theory  would  naturally  indi- 
cate that,  due  to  the  higher  speeds,  stronger  and  heavier 
parts  are  necessary,  but  in  the  absence  of  any  develop- 
ment along  this  line  we  undertook  to  use  lighter  parts, 
making  use  of  standard  chassis  parts.  One  of  the  first 
things  we  did  was  to  use  a  3^-ton  truck  frame  for  5-ton 
work,  much  against  the  wishes  of  the  original  designer 
of  the  truck.  We  operated  that  truck  for  60,000  to  90,- 
000  miles  under  typical  demonstrating  conditions  with 
no  effect  on  the  frame  whatever.  We  then  went  down 
to  a  2-ton  frame,  in  the  face  of  constant  warning,  and 
that  2-ton  frame  is  in  service  now;  it  has  gone  from 
coast  to  coast.  We  have  noted  nothing  that  indicates 
trouble  with  the  frame. 

I  believe  that  the  same  thing  applies  to  the  steering 
apparatus.  Pneumatic  tires  have  more  ground  contact 
than  solid  tires,  but  there  is  an  appreciable  amount  of 
resiliency  that  absorbs  ground  friction.  I  think  it  could 
be  shown  theoretically  that  steering  ought  to  be  harder. 
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As  Mr.  Bell  says,  the  trucks  do  steer  easier.  I  do  not 
know  why.  On  the  Boston  run  our  drivers  are  able  to 
make  turns  safely  that  they  are  not  able  to  make  with 
solid  tires. 

As  far  as  the  bearings  are  concerned,  it  has  not  been 
our  experience  that  we  need  to  change  the  bearings  at 
all.  Of  course,  much  of  the  status  of  information  on 
this  subject  is  due  to  lack  of  research  on  the  part  of 
the  bearing  companies.  The  roller-bearing  companies 
have  taken  the  matter  up  in  the  last  two  or  three  months. 
Prom  the  preliminary  investigation  of  one  bearing  manu- 
facturer the  solid  tires  require  20  per  cent  larger  bear- 
ings than  the  pneumatic  tires  require. 

As  far  as  the  other  parts  of  the  motor  truck  are  con- 
cerned, there  has  been  very  little  thought  given  to  what 
is  necessary,  for  the  reason  that  most  of  these  truck 
manufacturers  have  not  taken  the  subject  seriously  and 
have  waited. 

I  am  very  much  inclined  to  agree  with  Mr.  Wemp  in 
the  matter  of  body  design.  The  time  necessary  to  re- 
move a  tire  is  difficult  to  estimate.  I  favor  the  demount- 
able rim.  With  some  of  these  it  is  easily  possible  to 
change  in  less  than  80  min.  I  think  that  has  been  dem- 
onstrated by  numerous  truck  operators.  With  vari- 
ous detachable  tires  truck  operators  take  from  1  to  8  hr. 
to  change  them,  depending  largely  upon  the  pump  equip- 
ment used  in  connection  with  the  tire.  The  air-pumps 
have  been  one  of  the  bad  features. 

Mr.  Suluvan  : — ^To  put  my  question  more  clearly,  the 
Goodyear  Company  had  four  wheels  driving  and  two 
steering;  was  that  to  improve  the  riding  quality  or  to 
ease  the  strains  on  the  walls  of  the  tire?  Using  four 
driving  tires  the  walls  were  reduced  in  size  and  not  so 
apt  to  tear. 

Mr.  McCbeery: — ^We  believe  that  the  larger  size  pneu-. 
matic  tires  are  not  as  practical  as  four  smaller  tires.  I 
mean  specifically  that  the  48  by  12-in.  tire,  which  is  used 
on  the  5-ton  truck  and  cannot  carry  more  than  the  others 
do,  is  too  heavy  for  one  man  to  change  on  the  wheel.  It 
costs  more  than  the  average  truck  operator  can  afford  to 
pay.  Moreover,  it  raises  the  center  of  gravity  to  a  point 
that,  while  not  at  all  dangerous,  is  not  desirable.  It  ne- 
cessitates a  radical  change  in  gear  ratio. 

We  are  able  to  equip  this  particular  six-wheel  truck 
with  8-in.  tires,  which  are  very  much  lighter  in  weight. 
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We  can  reduce  the  weigrht  approximately  800  lb.  below 
that  of  a  standard  solid-tire  5-ton  truck.  We  can  use  two 
axles,  four  wheels  and  four  brakes  of  21-in.  diameter, 
in  place  of  two  axles  and  two  wheels,  and  that  whole 
equipment  costs  no  more  than  the  correspondinsr  parts 
of  a  standard  solid-tired  5-ton  truck.  That  answers  the 
question  of  brake  capacity.  We  are  able  to  stop  the 
truck  in  60  ft.,  from  a  speed  of  25  m.p.h.  Moreover,  we 
get  easier  riding,  a  saving  of  the  load  itself,  and  a  sav- 
ing of  the  road. 

S.  V.  Norton: — ^I  want  to  pay  a  high  tribute  to  the 
company  represented  by  Mr.  McCreery  for  the  manner 
in  which  it  has  attacked  this  problem.  I  think  it  repre- 
sents a  spirit  of  progress,  of  vision  and  of  determination 
to  advance  the  industry,  which  is  not  only  very  creditable 
but  exceedingly  brilliant  and  forceful.  I  will  define  what 
I  conceive  to  be  the  difference  between  Mr.  McCreeiy's 
position  and  mine  in  the  treatment  of  this  particular 
subject.  Mr.  McCreery  and  his  company  are  concerned 
more  particularly  with  the  future.  They  are  doing  pio- 
neer work.  The  attitude  of  my  company  has  been  to  col- 
lect and  study  all  the  evidence  possible  so  far  as  present- 
day  operating  conditions  are  concerned.  Our  research 
has  been  along  the  lines  of  studying  the  effect  of  both 
tjrpes  of  tire  on  the  trucks  actually  in  operation  today. 
Some  of  the  questions  that  have  been  asked  can  be  an- 
swered very  successfully;  others  are  far  beyond  most 
of  us. 

In  respect  to  the  road  construction  and  the  total  per- 
missible weight  of  the  load,  it  has  been  said  that  trucks 
should  be  limited  to  approximately  10  or  12  tons  on  ac- 
count of  the  investment  in  the  roads  today.  I  am  in- 
clined to  differ  from  that  belief.  We  should  not  estab- 
lish low  carrying-capacities  today  by  reason  of  the  lim- 
ited progress  thus  far  made  in  road  construction.  Years 
ago  we  were  not  content  in  railroad  engineering  to  be 
limited  by  the  weight  of  the  ties,  the  rails,  the  bridges, 
and  so  on.  We  built  larger  and  more  powerful  engines 
and  strengthened  the  roadbed  accordingly.  Progress  in 
road-building  is  essential  if  we  are  to  make  the  most  of 
motor  truck  transportation.  I  believe  that,  even  at  the 
sacrifice  of  millions  of  dollars  in  paved  roads,  we  should, 
if  necessary,  wear  them  out,  if  by  so  doing  we  can  estab- 
lish the  most  economical  unit  of  transportation.  That  is 
the  goal  to  be  worked  for.  Then  we  should  build  our 
roads  accordingly. 
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The  first  speaker  cited  the  fact  that  the  tire  equip- 
ment of  a  whole  fleet  was  changed  from  solid  to  pneu- 
matic. In  the  symposium  described  in  my  paper,  I  fancy 
I  received  replies  from  as  many  fleet  owners  who  stated 
they  had  not  only  changed  once  but  changed  back  again 
to  solid  tires,  because  of  the  high  operating  expense  and 
the  many  difficulties  encountered.  The  figures  and  con- 
clusions I  arrived  at,  after  making  this  analysis,  are  not 
merely  the  findings  of  our  own  development  department, 
but  are  based  on  all  the  information  I  could  get  from 
those  familiar  with  truck  operation. 

As  to  the  figures  of  the  so-called  National  Standard 
Truck  Cost  System,  I  wish  that  I  could  impress  on  this 
body  the  necessity  for  keeping  accurate  records  of  cost. 
It  is  only  by  this  means  that  we  shall  make  definite  pro- 
gress. The  lack  of  information  based  on  any  cost  system 
is  amazing  to  me.  For  one  cause  or  another  the  facts 
are  almost  never  available  except  in  a  general  way.  I 
bespeak  your  strong  support  for  the  National  Standard 
Truck  Cost  System,  which  is  I  believe  the  best  one  yet 
devised. 

I  am  not  in  a  position  to  state  definitely  the  effect  of 
improper  tire  inflation  on  the  steering  apparatus  except 
to  say  that  the  less  the  tire  is  inflated  the  harder  the 
vehicle  steers  and  the  more  difficult  it  will  be  for  that  tire 
to  stand  up  in  service.  There  is  no  doubt  that  a  properly 
inflated  tire  will  bump  and  jar,  but  steering  an  under- 
inflated  tire  is  even  more  difficult. 

Professor  Berry  asked  how  we  know  that  less  gasoline 
and  less  oil  are  used.  Frankly,  that  comes  back  to  the 
question  of  almost  'total  absence  of  dependable  data.  In 
most  cases,  as  far  as  I  could  tell,  the  facts  sustained  the 
contention  that  the  pneumatic  tire  uses  less  gasoline  and 
less  oil  on  long  hauls,  but  not  on  short  hauls.  Just  as 
much  gasoline  is  used  in  starting  on  solid  as  on  pneu- 
matic tires,  and  the  oil  consumption  is  increased  by  the 
added  speed  of  the  engine  if  we  are  to  make  use  of  the 
potential  speed  in  the  tires. 

The  answer  I  received  in  my  symposium  was  that  there 
was  more  wear  in  the  bearings  on  pneumatic  tires  than 
on  solid. 

Larger  tires  are  more  easily  cut  by  ruts,  I  think,  be- 
cause of  the  fact  that  there  is  a  constant  tendency  of  the 
tire  to  get  out  of  the  rut.  The  more  rut  wear  the  more 
the  sidewalls  of  the  tire  are  bound  to  be  chafed.    Under 
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Buch  conditions  tire  manufacturers  have  to  strike  a  bal- 
ance betv^een  ruggedness  and  durability,  and  flexibility 
and  the  distribution  of  heat. 

E.  A.  Haskins: — Regarding  the  small  orifice  in  the 
ordinary  tire  valve,  which  is  simply  a  continuation  of 
the  valve  used  in  bicycle  tires,  it  increases  the  time 
period  for  the  inflation  and  it  would  be  a  great  advan- 
tage to  increase  this  tire-valve  size.  What  has  been  done 
toward  making  a  new  kind  of  valve  which  will  eliminate 
these  diflteulties? 

James  E.  Hale: — The  problem  of  valves  for  inner 
tubes  and  tires  is  a  difficult  one.  We  have  under  test  at 
present  inner-tube  valves  which  have  three  times  the 
orifice  area  of  the  present  passenger-car  valves.  It  is 
fairly  easy  to  make  a  valve  any  size  desired,  but  a  com- 
plication arises  if  the  valve  is  made  large;  a  threaded 
portion  at  the  end  is  different  from  that  of  the  standard 
valve.  This  invites  trouble  all  over  the  country  because 
the  pump  connections  will  not  fit  that  portion. 

If  we  could  leave  it  to  the  valve-manufacturing  com- 
pany we  might  be  tempted  to  do  it,  but  the  other  com- 
panies are  apt  to  treat  it  differently.  A  new  valve  has 
been  designed  very  recently  which  seems  worthy  of 
thorough  consideration.  The  tires  and  inner  tubes  are 
very  well  developed,  but  a  number  of  auxiliaries  are  not 
worked  out.  The  valve  is  one;  the  air-pump  on  motor 
trucks  is  another.  Many  things  connected  with  rims 
are  not  completely  developed.  We  are  now  trying  to 
bring  all  accessories  up  to  the  same  standard  as  the 
tires. 

J.  E.  SCHIPPEB: — On  the  large-size  tires  there  is  con- 
siderably more  of  a  flat  tread  than  on  the  smaller  sizes; 
that  is,  the  sidewall  seems  to  be  built  up.  Would  that 
work  out  to  advantage  in  the  smaller-size  tires,  and  has 
it  any  effect  on  tiie  gas  consumption  on  rutty  roads? 

Mr.  Hale  : — ^There  is  a  flat  tread  and  steep  side- . 
wall  on  the  44x10  and  48xl2-in.  tires.  In  1917  it 
was  decided  that  we  should  make  a  44  x  10-in.  pneumatic 
truck  tire  with  sufficient  carrying  capacity  to  support 
a  3-ton  truck.  The  greatest  difficulty  encountered  was 
to  prevent  separation  between  the  tread  and  the  carcass. 
The  first  tires  were  made  with  round  treads,  which 
caused  the  tires  to  flex  considerably  before  the  neces- 
sary contact  area  could  be  obtained.    This  flexing,  corn- 
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bined  with  a  component  of  the  vertical  load  on  the  tire, 
resulted  in  a  tremendous  shearing  action  between  the 
tread  and  carcass,  which  in  time  caused  the  tread  to 
separate  from  the  carcass  or  tire  body.  The  logical 
thing  was  to  make  the  tread  fiat,  to  give  the  necessary 
contact  area  without  so  much  flexing  and  to  widen  it 
out,  which  would  decrease  the  unit  stress  on  the  union 
between  the  tread  and  carcass  of  the  tire.  We  did  that 
and  the  results  have  been  very  satisfactory. 

There  seems  to  have  been  an  understanding  among 
tire  designers  that  it  is  not  good  practice  to  have  much 
of  a  shoulder  at  the  edge  of  the  tread  of  passenger-car 
tires.  However,  we  have  proved  that  a  flat  tread  of  the 
proper  proportions  has  several  distinct  advantages  and 
results  in  much  longer  tire  life.  As  to  the  relative 
economy  in  gasoline  consumption  of  the  two  types  of 
tire  on  rutty  roads,  there  would  be  a  slight  advantage  in 
favor  of  the  round  tread;  but  when  good  roads  are  taken 
into  consideration  the  advantage  would  be  in  favor  of 
the  flat  tread. 

J.  W.  Saffold: — Referring  to  the  six-wheel  truck 
design,  would  it  be  flexible  enough  to  stand  up  and  be 
equal  to  the  conventional  truck?  *If  so,  will  it  furnish 
any  more  flexibility  than  the  conventional  design? 

E.  W.  Temfun  : — To  test  the  flexibility,  we  raised  the 
forward  wheels  of  the  six-wheel  truck  12  in.  from  the 
floor  before  we  reached  the  limit  of  the  universal  con- 
nection. We  also  raised  the  rear  wheels  12  in.  We  believe 
that  6  in.  is  enough  for  ahnost  any  condition.  We  have 
put  that  truck  under  a  condition  where  diagonally  oppo- 
site wheels  were  18  in.  lower  than  the  other  diagonally 
opposite  wheels.  In  that  condition  the  springs  twisted, 
and  from  all  appearances  the  rear  springs  were  not 
stressed  beyond  anything  reasonable.  An  authority  on 
springs  observed  especially  the  condition  of  the  stress  of 
the  springs,  and  his  opinion  was  that  it  was  perfectly 
satisfactory.  In  connection  with  the  springs  and  the 
transmission,  the  four-wheel  combination  under  the  rear 
protects  them  to  a  great  extent.  Where  the  two-wheel 
construction  bounces  over  the  ruts  in  the  road,  the  four- 
wheel  combination  will  roll  over  them,  and  in  that  way 
is  to  some  extent  a  protection. 

Mr.  Saffold: — Does  this  construction  cut  down  the 
tendency  to  side-sway? 
Mb.  Tempun  : — ^I  believe  it  does.   We  made  some  short 
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turns  at  high  speed  and  the  side-sway  of  that  rear  end 
was  remarkably  small  in  my  estimation. 

Mr.  Schippee: — ^WIU  the  load  be  concentrated  on  the 
rear  set  of  wheels  on  these  six-wheel  trucks  when  the 
front  set  is  raised? 

Mr.  Templin: — ^When  the  power  is  applied  in  going 
forward,  the  forward  tires  are  compressed  and  the  rear 
tires  are  probably  relieved  under  that  condition.  The 
torque  momentarily  applies  an  added  load  to  the  tires 
and  that  has  a  cushioning  effect  upon  the  driving 
mechanism. 

M.  D.  Scott  : — The  question  of  whether  self -locking 
differentials  are  practical  was  brought  up  about  18 
months  ago  by  a  truck  engineer.  We  purchased  two 
trucks  of  exactly  the  same  construction,  except  that  one 
had  a  self -locking  differential  and  the  other  was  a  stand- 
ard truck.  We  ran  those  trucks  over  the  Akron-Boston 
route,  where  we  had  been  having  considerable  trouble 
with  the  worm-gear  drive.  It  was  very  common  to 
change  a  worm  and  wheel  every  1000  to  5000  miles. 
After  we  had  put  these  two  trucks  over  the  same  route 
for  some  time,  the  self-locking  differential  was  still  on 
the  original  equipment,  while  on  the  truck  with  the 
standard  differential  we  had  made  three  changes  of 
worm  and  wheel.  In  addition,  we  had  made  several 
changes  in  thrust  bearings.  The  self -locking  differen- 
tial has  now  run  30,000  miles.  At  present  we  are  using 
self-locking  differentials  on  all  long-distance  hauling.  It 
has  a  very  material  advantage  in  that  respect ;  'we  have 
not  tried  it  on  different  types  of  drive. 

F.  A.  Written  : — Could  the  truck  be  run  without  any 
differential? 

Mr.  Templin: — We  tried  that  out  on  this  four-wheel 
combination  and  got  into  trouble.  One  of  the  shafts 
twisted  off.  I  attribute  this  to  the  fact  that  we  had  no 
differential  and  a  solid  casting  in  the  place  of  the  differ- 
ential. I  am  not  in  favor  of  going  without  a  differential 
on  a  four-wheel  combination;  on  a  two-wheel  combina- 
tion it  may  work  out. 

Mr.  Whitten: — What  special  reasons  are  there  for 
no-lock  differentials  and  for  locking  differentials? 

Mr.  Scott: — The  principal  reason  for  the  locking 
differential  is  the  high  speed  at  which  the  trucks  are 
driven.  This  can  be  explained  by  considering  the  num- 
ber of  times  that  a  wheel  leaves  the  ground  in  passing 
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over  obstructions  or  depressions.  One  whe6l  will  leave 
the  ground  and,  when.it  does,  the  wheel  immediately 
starts  to  spin.  When  it  comes  back  to  the  ground  again, 
it  must  conform  immediately  to  the  speed  of  the  opposite 
wheel  and  the  strain  all  goes  into  the  worm  and  wheel. 
There  have  been  many  reasons  advanced  for  this,  but 
the  one  advanced  above  seems  to  be  the  most  logical. 

Mb.  Sappold: — The  reasons  for  the  locking  differen- 
tial are  very  good  ones.  One  is  that  the  ordinary  differ- 
ential is  a  compensating  device  and  as  such  it  is  100 
per  cent  efficient.  But  as  a  differential  it  is  not  100 
per  cent  efficient.  That  is  shown  when  the  truck  loses 
traction  on  one  wheel  because,  when  it  spins,  the  power 
going  through  it  is  following  the  path  of  least  resistance, 
and  the  vehicle  is  liable  to  be  stalled.  With  the  locking- 
type  differential  the  power  is  equally  applied  to  the  two 
wheels.  In  this  case  it  pulls  out  of  the  rut,  instead  of 
staying  in;  that  is  the  chief  difference.  The  second  rea- 
son is  that  it  prevents  end  skidding,  if  the  skid  starts 
from  the  differential.  If  that  is  stopped,  the  tendency 
toward  skidding  is  prevented. 

Mb.  Hale: — ^We  have  recently  made  some  experiments 
and  found  that  with  the  wheel  not  turning,  the  engine 
can  turn  two-thirds  of  a  revolution.  At  the  time  of 
•making  these  tests,  we  made  tests  which  would  show  the 
side-sway  permissible.  There  is  a  very  pronounced  lat- 
eral displacement  possible  without  skidding  the  tires  on 
the  road  surface,  which  is  sufficient  to  account  for  the 
fact  that  the  six-wheel  trucks  can  turn  comers  and  show 
very  little  skidding. 

E.  S.  Foljambb: — I  was  interested  in  the  six-wheel 
truck  a  year  ago.  I  believe  that  the  ultimate  heavy- 
haulage  vehicle  for  city  bus  work  will  not  be  a  six-wheel 
vehicle,  but  a  semi-trailer-type  combination  having  four 
wheels  at  the  rear  of  the  front  vehicle,  and  four  wheels 
at  the  rear  of  the  semi-trailer.  This  can  be  operated  by 
one  man  and  would  therefore  be  an  economical  proposi- 
tion for  bus  work.  There  is  the  problem  of  whether  it 
could  be  made  to  go  around  corners  properly  without 
differentials  in  the  axles,  and  without  in  any  way  swivel- 
ing  and  pinioning.  Experiment  will  ultimately  show 
whether  that  can  be  done  or  not.  Mr.  Templin  and  I 
believe  it  should  have  the  differential,  but  further  tests 
will  bring  out  these  details.  I  know  that  all  engineers 
are  interested  in  this  problem.    I  believe  that  the  elec- 


truck  bus-lines.  The  pneumatic  tire  will  make  that 
possible. 

Mr.  Written: — ^The  six-wheel  truck  is  too  new  to 
offer  criticism  from  the  outside.  The  builders  have  not 
had  time  enough  to  know  their  own  miiids  about  what 
it  will  do.  Possibly  there  are  one  or  two  things  that 
have  not  been  given  the  consideration  they  merit.  We 
sell  many  trucks  with  pneumatic  tires;  more  than  50 
per  cent  are  for  use  on  bad  roads.  That  is  further  borne 
out  by  the  fact  that  many  of  the  orders  for  pneumatic- 
equipped  trucks  specify  not  the  standard  gear  ratio  but 
one  25  per  cent  lower.  The  demand  for  pneumatic  tires 
comes  with  a  demand  for  a  12  to  1  gear  ratio  on  2-ton 
trucks. 

Have  any  tests  been  made  to  determine  what  the  trucks 
geared  to  run  30  m.p.h.  with  a  large  engine  will  do  in  city 
travel?    Is  this  truck  limited  to  one  particular  use? 

Gasoline  and  oil-consumption  comparisons  hardly  seem 
fair.  The  pneumatic  records  have  been  made  on  trucks 
with  tires  which  have  been  developed  for  this  purpose. 
The  commercial  solid  tire  has  been  made  to  sell.  The 
efficiency  varies  tremendously.  That  may  possibly  be  due 
to  variations  in  tire  manufacture.  The  tires  used  on  elec- 
tric trucks  have  to  be  made  of  an  entirely  different  com- 
pound. So  far  as  we  have  been  able  to  determine,  the 
highly  efficient  solid  tire  does  not  give  any  reduced  mile- 
age. Under  equal  conditions  it  gives  better  mileage. 
There  is  also  a  possibility  for  the  development  of  the 
solid  tire.  We  have  run  a  few  S.K.  tires  and  have  had 
remarkable  results.  That  tire  has  great  possibilities  for 
city  work. 

In  connection  with  pneumatic  tires,  the  demand  comes 
from  people  who  want  to  put  these  tires  out  in  the  coun- 
try where  there  are  no  good  roads.  They  buy  them  be- 
cause they  cannot  get  there  with  the  solid  tires.  But 
they  soon  find  that  operating  trucks  under  those  condi- 
tions is  hard  on  the  truck  tires,  engine  and  every  other 
part  of  the  chassis  and  body.  That  immediately  brings 
about  a  demand  for  a  good  road,  with  a  foundation  and 
with  good  surface.  With  the  ultimate  road  of  that  type, 
what  sort  of  tire  will  be  used?  The  trend  toward  the 
pneumatic  tire  may  change  in  time  because  of  the  changed 
condition  of  the  road  surface.  The  locomotive  with  its 
steel  track  and  steel  wheels  gets  satisfactory  running 
under  most  conditions.    It  will  be  a  long  time  before  we 
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have  the  type  of  road  which  the  railroad  now  hae,  but 
the  smooth  hard  road  appears  to  be  the  ultimate  road. 
If  that  is  the  case,  would  not  the  solid  tire  serve  well? 
Mb.  Sgott: — Regarding  the  80  m.p.h.  truck  designed 
for  pneumatic  tires,  its  efficiency  and  the  speed  at  which 
it  must  run  in  city  streets,  this  is  a  question  of  the 
efficiency  of  the  large  engine  in  comparison  with  the 
small.  Practically  all  of  our  experimental  work  has  been 
over  long  runs.  By  using  a  5-ton  truck  engine  to  draw 
a  3-ton  load  we  found  that  this  engine  was  more  eco- 
nomical than  that  of  the  3l^-ton  truck.  This  is  because 
of  the  ease  with  which  the  large  engine  does  the  work. 
Over  the  mountains  the  smaller  engine  was  working  at  a 
maximum.  A  very  close  check  on  that  showed  a  0.7-mile 
difference  in  gasoline  consumption  of  the  larger  engine 
over  the  smaller. 

City  work  is  dependent  upon  the  stops  to  be  made. 
Many  trucks  stop  often ;  with  these  we  can  get  about  2 
miles  per  gal.  of  gasoline.  With  that  same  truck  outside 
of  the  city,  we  can  get  6  miles  per  gal.  An  average  on 
all  the  buses  shows  about  5  miles  per  gal.  of  gasoline 
with  a  2-ton  chassis.  But  that  is  not  low  mileage,  be- 
cause of  the  unusual  number  of  starts  and  stops. 

The  same  thing  holds  true  with  the  larger  or  smaller- 
type  engines.  We  use  the  larger-type  engine  on  trucks 
for  heavy  grades.  We  found  that  the  same  things  held 
true  there  when  we  used  a  30-hp.  engine.  Our  first  trucks 
for  such  routes  had  30-hp.  engines,  but  they  made  no 
better  mileage  than  the  45-hp.  engines. 

Mr.  Hale: — ^The  efficiency  of  solid  tires  as  far  as  ab- 
sorbency  is  concerned  depends*  entirely  upon  the  formula 
used  in  compounding  the  rubber.  It  is  possible  to  have 
a  wide  range  in  the  efficiency  of  the  rubber  stock.  There 
seems  to  be  a  very  positive  indication  of  a  very  satis- 
factory saving  of  gasoline  in  the  use  of  the  pneumatic 
as  compared  with  solid  tires.  Many  instances  bear  this 
out.  The  abstract  reasons  of  just  why  this  is  so  are 
probably  very  far-reaching  and  possibly  we  are  not  in  a 
position  to  give  them  at  present. 

Mr.  Foljambe: — In  regard  to  the  tendency  toward  or 
away  from  pneumatic  tires  when  we  get  good  roads,  it 
seems  that  the  tendency  toward  pneumatic  tires  will  be 
increased  under  those  conditions.  With  good  roads, 
speeding  is  the  next  thing  desired.  Even  on  good  roads 
the  desired  speed  cannot  be  attained  with  a  solid  tire. 
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There  never  will  be  a  time  when  all  roads  will  be  im* 
proved.  Even  with  a  highly-improved  highway  system 
the  truck  must  occasionally  leave  the  hard  surface,  which 
again  requires  some  kind  of  tire  other  than  a  solid  one. 

Mr.  Hale: — ^The  speed  at  which  the  pneumatic-tired 
trucks  shall  be  operated  must  be  controUed  entirely  by 
the  safety  at  which  they  can  be  operated.  We  have  found 
that  25  to  30  m.p.h.  is  satisfactory;  it  is  very  similar 
to  passenger-car  speed. 

R.  Huff: — Regarding  the  six- wheel  truck  construction 
suggestion,  I  have  had  some  experience  with  pneumatic 
tireis  on  small  1-ton  trucks.  It  is  customary  with  most 
manufacturers  of  1-ton  trucks  to  use  the  standard  tour- 
ing-car track,  namely  56  in.  from  center  to  center  of  the 
tires.  My  experience  has  been  that  the  use  of  pneumatic 
tires  on  these  trucks  raises  the  center  of  gravity  of  the 
load  so  high  that  there  is  a  serious  tendency  for  the.  truck 
to  tip  over  when  making  sharp  turns  rapidly  or  on  highly 
crowned  roads.  A  lower  center  of  gravity  which  might 
be  obtained  by  a  six-wheel  truck  construction  would  be 
an  advantage  in  this  respect.  In  the  case  of  heavier 
trucks,  the  six-wheel  type  would  hold  the  advantage  that, 
in  cases  of  changing  tires,  it  would  be  easier  for  a  driver 
working  alone  to  change  the  smaller  tire  required  than  is 
the  case  now  where  he  is  obliged  to  change  one  of  the 
extremely  large-sized  tires. 

In  connection  with  the  use  of  pneumatic  tires  on  trucks, 
what  type  and  what  capacity  of  jack  have  been  found 
to  be  most  satisfactory?  My  own  experience  with  jacks 
in  general,  when  used  on  pneumatic-tired  trucks,  has 
been  most  unsatisfactory.  '  An  overload  with  a  flat  tire 
is  extremely  hard  to  handle.  I  find  it  very  dififeult  to  get 
a  jack  which  is  low  enough  to  go  under  the  axle  in  this 
case  and  still  have  range  of  lift  sufficient  to  raise  the 
axle  high  enough  to  permit  handling  the  tire.  How  far 
can  a  man  drive  an  overloaded  truck  with  a  flat  tire 
without  ruining  the  casing?  I  ask  this  because  I  have 
had  experience  with  drivers  who  brought  in  brand-new 
casings  that  were  absolutely  ruined,  although  they  had 
been  driven  only  a  few  miles.  In  this  case  the  drivers 
claim  that  they  found  the  tire  flat  and  did  not  know  it  was 
flat  until  they  had  driven  some  distance. 

Regarding  the  discussion  that  a  high  gear  ratio  and  a 
large  engine  should  be  used  with  pneumatic-tired  trucks, 
experience  has  demonstrated  that  a  high  gear  ratio  is  not 
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desirable  in  trucks  which  are  running  exclusively  in  cities 
and  much  of  the  time  in  thick  traffic.  Many  of  the  cities 
have  ordinances  limiting  the  speeds  of  3  to  5-ton  trucks 
to  10,  12  and  15  m.pii.  A  driver  is  automatically  limited 
when  in  traffic  to  a  speed  sometimes  lower  than  this,  and 
he  would  be  obliged  to  run  in  intermediate  or  low  gear 
most  of  the  time  in  city  work  if  his  truck  were  equipped 
with  the  proposed  high  gear  ratio.  It  therefore  seems 
to  me  that  it  will  always  be  necessary  for  manufacturers 
to  build  two  different  types  of  chassis,  one  with  the  high 
gear  ratio  and  large  engine  for  pneumatic-tired  trucks 
for  cross-country  work  and  another  with  a  low  gear  ratio 
and  small  engine  for  solid-tired  trucks  and  pneumatic- 
tired  trucks  to  be  used  exclusively  on  short  hauls  in  city 
traffic. 

There  has  been  considerable  talk  to  the  effect  that  the 
pneumatic-tire  equipment  for  trucks  would  completely 
supersede  solid-tire  equipment,  with  the  claim  that  the 
pneumatic  tire  rides  so  much  easier  that  the  truck  chassis 
will  stand  up  better  than  it  would  in  the  case  of  the 
solid  tires.  No  doubt  this  is  true  in  the  country  when 
driving  at  high  speeds,  but  it  has  been  my  experience 
that  heavy  trucks  in  crowded  city  traffic  on  short  hauls 
last  practically  indefinitely  when  run  on  solid  tires,  be- 
cause the  nature  of  the  service  and  the  traffic  conditions 
prevent  the  truck  from  running  fast  enough  to  develop 
any  serious  vibration.  I  feel  that  there  will  always  be  a 
large  field  for  solid  tires  for  heavy  trucks  in  city  work. 

Mr.  Scott: — ^We  use  two  jacks,  one  large  and  one 
small.  One  jack  alone  has  not  enough  lift  to  take  the 
tire  off  the  ground;  it  simply  takes  most  of  the  weight 
off  the  tire.  After  that  we  use  another  jack.  Some  jacks 
are  all  right  for  small  trucks,  but  the  3%  and  5-ton 
trucks  are  another  problem. 

W.  E.  Shively: — To  get  out  of  a  mud-hole  in  case  a 
tire  becomes  flat  it  is  not  necessary  tp  drive  very  far. 
At  low  speed  the  tire  would  stand  that  amount  of  running 
without  any  harmful  effects.  There  is  a  tremendous 
strain  on  the  tire,  but  the  speed  has  much  to  do  with 
that.  The  only  harmful  effect  would  be  in  case  the 
driver  did  not  know  when  the  tire  went  flat.  I  believe 
that  is  not  a  very  serious  objection. 

Mr.  Templin: — In  regard  to  the  gear  ratios  given  in 
the  paper,  we  had  to  take  trucks  under  average  conditions. 
For  use  within  city  limits,  I  would  myself  design  buses 


Digitized 


by  Google 


748  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

with  gear  ratios  corresponding  to  the  present  practice 
with  solid  tires.  On  buses  operated  between  Akron  and 
Cleveland  I  would  put  the  extremely  low  gear^ratios,  such 
as  5  to  1,  because  90  per  cent  of  the  mileage  would  be 
at  such  ratios.  There  would  be  only  about  10  per  cent 
on  the  high  ratio. 

Mr.  Scaipe: — ^Like  many  others,  when  the  six-wheel 
vehicle  was  first  presented,  I  considered  it  a  freak.  We 
have  a  tendency  to  be  rather  skeptical  of  the  practical 
application  of  the  vehicle.  I  believe  there  will  be  a  field 
for  that  vehicle.  Bus  lines  will  be  looked  forward  to,  to 
replace  the  street-car  of  the  present  day  in  large  measure, 
and  there  will  be  a  field  where  a  vehicle  of  this  kind  will 
be  very  valuable  in  solving  some  transportation  problems. 
The  four-wheel  vehicle  will  have  a  large  place  in  trans- 
portation for  some  time  to  come. 

E.  T.  BiRDSALL: — It  appears  to  me  that  one  of  the 
first  things  to  be  done  is  to  redesign  the  engines.  When 
the  Akron-Boston  express  route  was  first  started,  I  no- 
ticed that  almost  the  first  thing  they  did  was  to  put  a 
5-ton  truck  engine  in  a  3-ton  truck,  to  get  the  necessary 
high  speed.  Truck  manufacturers  all  seem  to  have  an 
antipathy  to  an  engine  that  runs  over  900  r.p.m.  With 
this  limitation  the  engine  designer  has  a  hopeless  task. 
We  must  get  away  from  the  ordinary  truck  engine.  It 
is  possible,  feasible  and  practical  to  build  a  truck  ^gine 
that  will  run  normally  at  2500  r.p.m.  and  this  will  obviate 
many  troubles  with  gear  ratios,  because  the  engine  will 
run  at  high  efiiciency  at  low  truck  speeds  in  the  city,  as 
well  as  at  high  speed  in  the  country.  The  pneumatic 
truck  tire  will,  I  believe,  force  the  truck  manufacturer  to 
use  that  type  of  engine.  It  will  cost  more  than  the  ordi- 
nary engine,  but  it  will  work  at  a  higher  efiiciency.  We 
cannot  do  it  all  at  once.  The  main  consideration  seems 
to  be  a  pneumatic-tired  truck  making  long  hauls,  doing 
a  large  percentage  of  high-speed  and  high-gear  work  and 
a  small  percentage  of  the  intermediate  and  low-speed 
work.  There  will  be  customers  who  will  want  to  do 
other  things  under  other  conditions,  and  the  type  of 
engine  I  mention  is  the  only  one  that  will  give  satisfac- 
tion in  such  cases.  It  is  very  difficult,  however,  to  get 
the  truck  and  engine  manufacturers  to  take  so  large  a 
step  at  once. 

F.  A.  Seiberung: — ^Are  the  things  we  have  been  talk- 
ing about  actualities  or  dreams?     Has  this  six-wheel 
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truck  any  merit?  I  was  hoping  that  Mr.  Templin  would 
stand  for  the  extreme  idea.  He  said  he  was  willing  to 
admit  that  the  differential  ought  to  come  in.  When  I 
think,  for  instance,  of  the  5-ton  truck  running  on  a 
smooth  pavement,  I  contend  that  the  six-wheel  truck,  as 
we  have  developed  it  here,  without  the  differential,  has  a 
place.    Am  I  right  or  wrong? 

S.  G.  Thompson  : — There  is  nothing  new  in  the  use  of 
six  wheels  with  tandem  rear  drive  as  produced  here. 
The  experiment  has  been  made  several  times  in  the  past 
20  years.  There  is  much  to  consider  in  connection 
with  Mr.  Seiberling's  remarks  regarding  bus-line  de- 
velopment, and  whether  there  will  be  a  trend  toward 
pneumatic  tires  that  will  ultimately  resolve  itself  into  an 
economic  proposition.  In  discussing  the  general  use  of 
pneumatic  tires  for  heavy  motor  trucks,  it  must  be  re- 
membered that  their  principal  advantage  is  higher  aver- 
age speeds.  Whether  this  higher  speed  is  generally  ob- 
tainable to  the  extent  of  resulting  in  an  increase  in  the 
value  of  the  service  rendered  is  another  question  which 
is  subject  to  speculation,  especially  if  we  consider  that, 
at  best,  freight  movement  by  motor  truck  is  largely  con- 
fined to  city  areas  and  inter-city  hauling  is  limited  to  a 
small  percentage  of  the  gross  railroad  tonnage  of  the 
country.  For  example,  low-rate  freight  comprising  the 
products  of  mines,  agriculture  annuals  and  forests  repre- 
sents 77  per  cent  of  the  total  tonnage  of  the  railroads, 
and  moves  average  distances  of  from  138  to  835  miles. 
High-rate  freight  comprising  the  products  of  manufac- 
turing and  merchandising  is  only  28  per  cent  of  the  total 
tonnage  and  moves  but  a  comparatively  short  distance, 
as  is  shown  by  the  fact  that  the  average  freight  haul 
for  all  classes  of  commodities  is  only  167  miles  and  but 
138  miles  in  the  Eastern  district.  These  statistics  lead 
me  to  believe  that  inter-city  motor-truck  hauling  is  apt 
to  be  limited  to  distances  where  perhaps  the  "value  in 
service"  of  large  pneumatic  tires  will  be  difficult  to 
establish. 

Mr.  Birdsall: — I  see  great  possibilities  for  the  devel- 
opment of  this  six-wheel  truck.  My  original  business  was 
operating  a  street  railway  in  a  certain  city,  so  I  can 
state  the  comparative  advantages  of  the  bus  over  the 
street  railway.  The  initial  investment  for  a  street  rail- 
way is  extremely  high.  A  number  of  street  railways 
have  gone  out  of  business  recently.    One  company  has 
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taken  down  all  its  trolley  wire  and  poles  and  sold  them. 
On  two  roads  that  I  had  built,  they  had  a  strike  and 
went  out  of  business.  I  believe  that  the  tracks  in  the 
streets  of  congested  districts  must  be  eliminated. 

H.  B.  Knap: — On  trucks  in  general  it  appears  that 
solid  tires  will  be  used  in  cities  for  short-haul  hard-road 
low-speed  work.  Pneumatic  tires  will  be  used  for  high- 
speed long-haul  conditions  and  for  soft-road  rough-coun- 
try conditions.  In  other  words,  the  added  expense  per 
mile  of  the  pneumatic  tire  must  be  offset  chiefly  by 
making  more  trips  per  year,  either  by  virtue  of  higher 
permissible  speeds  or  by  being  able  to  negotiate  soft 
roads  and  ground  where  solid-tire  equipment  cannot 
operate. 

If  the  manufacturer  builds  more  pneumatic-tired  trucks 
than  there  is  a  correct  market  for,  he  runs  the  risk  of 
having  some  of  them  sold  where  solid-tire  equipment 
would  be  preferable,  which  would  be  a  set-back  for  the 
use  of  pneumatic-tire  equipment.  It  is  therefore  believed 
that  the  production  requirements  should  be  very  carefully 
estimated,  and  that  the  selling  of  pneumatic  tires  should 
be  closely  supervised.  In  this  connection  the  lowering  of 
the  solid-pneumatic  price  differential  would  be  of  great 
help  in  the  education  of  truck  operators. 

As  to  cushion  tires,  it  seems  that  some  of  them  are 
about  half-way  between  solid  and  pneumatic  tires  in  re- 
siliency, and  therefore  do  not  have  so  much  effect  on 
permissible  speeds,  or  on  traction  in  soft  going. 

L.  P.  Kalb: — Many  engineers  connected  with  the 
motor-truck  industry  are  beginning  to  realize  the  broad- 
ening effect  that  pneumatic  tires  will  have  upon  the  truck 
field.  .  It  would,  therefore,  be  foolish  for  anyone  to  oppose 
this  trend.  The  six-wheel  truck  may  have  shown  us  the 
way  to  overcome  what  ii(ras  formerly  considered  one  of 
the  greatest  drawbacks  to  large-sized  pneumatic-tired 
trucks.  It  has  shown  that  the  solution  of  the  problem 
is  not  impossible.  However,  we  must  forget  our  solid- 
tire  prejudices  if  the  pneumatic  tire  is  to  be  used  to  the 
fullest  advantage.  We  must  start  with  a  clean  slate  and 
develop  things  along  different  lines.  Whether  it  will  be 
a  six  or  a  four-wheel  truck,  I  hesitate  to  state.  It  will 
require  much  development  and  those  who  go  into  it  early 
will  reap  the  fruit,  while  those  who  lag  will  suffer. 

J.  A.  Kraus  : — Prospective  buyers  of  motor  trucks,  not 
having  had  previous  experience  with  motor  vehicles, 
naturally  expect  that  the  solid  tire  will  give  50,000  miles 
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and  feel  they  are  getting  something  better  in  the  solid 
tire.  The  various  designs  of  cushion  wheels  are  an 
answer  to  the  shortcomings  of  the  solid  tire. 

The  discussion  indicates  that  most  trucks  are  operated 
in  large  cities  where  there  is  solid  pavement.  We  have 
an  increasing  demand  for  trucks  for  use  in  foreign  coun- 
tries. This  demand  is  at  present  very  great.  It  is  sur- 
prising that  in  Africa,  Australia,  Java  and  other  places 
they  are  asking  for  pneumatic  tires.  We  have  received 
an  order  for  300  trucks  to  be  equipped  with  front  and 
rear  pneumatic  tires.  Certainly  the  purchasers  knew 
what  they  wanted.  We  have  had  enough,  experience  with 
pneumatic  tires  to  draw  a  comparison.  Experience  with 
solid  tires  has  shown  that  very  frequently  the  chassis, 
especially  the  engine,  suffers  greatly  from  shocks;  the 
vibration  is  considerable.  A  certain  model  was  produced 
and  equipped  with  pneumatic  front  tires;  a  square  gaso- 
line tank  was  used.  Later,  a  revision  of  this  model 
brought  out  solid  tires  on  the  front.  The  pneumatic- 
tired  models  gave  good  service,  nearly  100  per  cent,  but 
the  gasoline  tanks  on  the  solid-tired  trucks  had  to  be 
replaced. 

Relative  to  the  multi-wheel  vehicle,  we  should  not  give 
much  consideration  to  semi-trailers.  Many  overlook  the 
danger  with  these  when  turning  corners  on  down  grades, 
and  applying  the  brakes  at  the  same  time.  They  will 
fold  up  like  a  jack-knife.  With  the  short  tractor  with  a 
two-wheel  trailer,  when  turning  comers  on  a  wet  street, 
the  back  end  comes  around  too  fast  and  results  in  loss 
of  control  of  the  steering.  The  semi-trailer  has  convinced 
me  that  the  multi-wheel  truck  of  the  future  will  be  of 
the  type  that  the  Goodyear  company  has  developed.  It 
must  be  admitted  that  the  smaller  size  of  wheel  and  the 
reduced  weight  of  the  tire  will  prove  a  great  benefit  to 
owners  and  drivers. 

Mr.  Thompson  :— The  field  for  heavy-duty  pneumatic- 
tire  trucks  appears  to  be  very  limited.  The  best  argu- 
ment I  can  find  for  the  solid  tire  is  contained  in  the 
papers  that  have  been  presented.  In  Mr.  McCreery's 
paper  we  find  what  purports  to  be  a  table  of  comparative 
performance,  in  which  several  units  are  considered.  To 
me  this  table  appears  to  be  simply  a  statement  of  results 
obtained  under  certain  operating  conditions,  controlled 
by  certain  factors.  It  does  not  appear  that  this  is  a  com- 
parative analysis  in  any  way,  for  the  reason  that  for  each 
investigation  all  of  the  factors  were  changed.    If  an  in- 
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vestigation  is  being  conducted  to  determine  the  results 
to  be  obtained  by  the  use  of  one  device  in  comparison 
v^ith  the  use  of  another  device  designed  for  the  same 
work,  the  only  factors  which  should  change  are  the  fac- 
tors controlled  by  the  device.  To  change  the  tire  factor 
and  leave  all  other  factors  the  same  would  give  com- 
parable conditions. 

An  operating-cost  table  that  has  been  recently  compiled 
shows  that  the  cost  per  ton-mile  for  the  pneumatic  tire 
is  $0.1055,  while  the  cost  for  the  solid  tire  is  $0.1123. 
However,  if  we  examine  the  items  which  are  included  in 
these  costs,  we  find  that  in  the  case  of  the  pneumatic- 
tired  truck  depreciation  is  based  upon  approximately  a 
20-year  life,  while  in  the  case  of  the  solid  tire  deprecia- 
tion is  based  on  what  is  known  today  to  be  the  estab* 
lished  life  of  a  truck  operating  under  those  conditions. 
In  view  of  the  fact  that  68  per  cent  of  the  truck  manu- 
facturers have  been  in  business  less  than  five  years,  how 
can  the  depreciation  be  based  upon  a  20-year  life?  As 
we  have  not  enough  evidence  in  the  industry  today  to 
support  the  claim  for  a  20-year  life,  it  would  seem  to  me 
to  be  advisable  to  eliminate  the  depreciation  charge.  If 
depreciation  is  omitted,  or  if  amortization  is  placed  at  a 
definite  period,  the  saving  shown  disappears  entirely; 
so  it  would  appear  that  the  table  is  merely  a  selection 
of  the  bookkeeping  methods  to  prove  the  case. 

Let  me  call  attention  also  to  the  item  of  interest  which 
I  notice  in  the  cost  tables  and  which  should  not  appear 
as  an  item  of  operating  expense.  The  only  reason  that 
motor  trucks  are  used  is  because  they  have  an  earning 
value.  They  are  more  economical  than  other  means  of 
transportation.  The  sole  reason  for  making  an  invest- 
ment in  a  motor  truck  is  to  avail  oneself  of  its  earning 
value.  Consequently  the  earning  value  of  the  investanent 
is  the  reason  for  the  investment  and  that  in  itself  con- 
stitutes the  interest.  If  the  earning  value  was  not  suf- 
ficient to  earn  the  same  amount  of  interest  that  the  money 
might  earn  when  placed  in  sound  securities,  there  would 
be  no  reason  for  making  the  investment.  CJonsequentiy 
interest  is  not  an  operating  expense.  This  is  something 
the  motor-truck  industry  should  consider. 

6.  J.  Thomas: — The  multi-axles  on  the  six-wheel  truck 
are  well  worth  developing.  Being  a  four-wheel-drive  en- 
gineer, I  might  say  that  the  four-wheel  drive  has  really 
never  been  fully  developed.  We  must  distribute  the 
weight  more  evenly  and  reduce  the  entire  load.    The  only 


Digitized 


by  Google 


DESIGN  OF  PNEUMATIC-TIRED  TRUCKS  763 

\ 

way  is  to  distribute  the  load  over  a  large  number  of 
wheels. 

This  six-wheel  truck  is  very  similar  to  a  truck  we  built 
some  six  years  ago,  but  the  truck  we  built  had  a  six-wheel 
drive/  It  was  a  dream  of  a  lumber  man  who  bought  a 
four-wheel  drive  and  had  to  pull  it  out  of  a  mud-hole 
with  ox  teams.  This  truck  has  been  run  for  six  years 
steadily  in  the  logging  business,  carrying  logs.  It  was 
built  with  steel  tires  all  around  and  has  been  very  suc- 
cessful. I  believe  it  proves  that  the  Goodyear  company 
is  on  the  right  track.  I  think  that  within  five  years 
trackless  street-cars  will  be  built  with  eight  drivers.  I 
believe  that  is  possible,  more  especially  since  I  have  seen 
the  demonstration  of  the  six-wheel-drive  truck  in  Akron. 

L.  M.  BAKER: — Regarding  the  six-wheel-drive  truck, 
I  admit  that  I  have  had  a  more  comfortable  ride  in  one 
on  a  solid  board  than  I  have  had  in  many  touring  cars 
with  spring  seats.  It  strikes  me  as  being  a  very  good 
thing  for  work  up  and  down  the  street  as  a  bus.  For 
pulling  in  and  out  of  foundation  holes,  hauling  contrac- 
tors' supplies  and  other  heavy  truck  jobs,  I  think  it 
would  not  do  so  well  because  of  the  fixed  condition  of 
the  two  rear  axles.  It  struck  me  after  I  had  seen  it  that 
this  truck  would  to  a  certain  extent  replace  the  street  car. 

Mr.  Darrow: — The  question  of  solid  and  pneumatic 
tires  can  be  argued  only  on  two  counts.  The. first  is 
reliability.  We  can  expect  7000  miles  and  over  from 
pneumatic  tires.  During  the  life  of  each  tire  we  can  ex- 
pect to  remove  it  once  from  necessity,  and  perhaps  other 
times  for  treatment.  With  average  mileage  and  care  we 
must'  remove  one  tire  per  month. 

The  second  point  is  cost.  The  first^^lass  improved 
highway  of  concrete,  with  a  deep  foundation,  costs 
$40,000  per  mile.^  Mr.  Seiberling  mentioned  that  there 
are  200,000  miles  of  more-or-less  improved  highways  in 
the  United  States.  This  runs  up  to  $8,000,000,000.  If 
we  ever  get  highways  of  that  character,  the  element  of 
depreciation  on  roads  must  be  included  in  the  cost  of 
pneumatic  tires. 

In  regard  to  unit  load,  there  is  a  limit  to  the  weight 
that  can  be  carried  on  solid  tires  per  inch  of  tire  width. 
As  a  matter  of  fact,  this  is  not  the  right  way  to  measure 
it;  it  should  be  pounds  per  square  inch  of  contact  area. 
With  pneumatic  tires,  the  load  per  each  square  inch  of 
contact  area  is  equal  to  the  inflation  pressure.    As  to  the 
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cushioning,  a  solid  tire  deflects  about  %  in.  A  pneu- 
matic tire  deflects  %  in.  or  more.  We  have  only  one- 
quarter  the  impact  with  one-half  the  load,  per  square 
inch.  Those  things  have  a  bearing  on  the  main- 
tenance of  the  foundation  of  the  road.  The  road  is 
the  expensive  part.  We  must  keep  in  mind  that  solid 
tires  will  injure  the  foundation  of  the  road  and  that  the 
investment  involved  in  keeping  the  roads  in  repair  is  tre- 
mendous. 

To  sum  up  and  connect  three  things  together,  in  a 
pneumatic-tired  truck  we  have  a  saving  in  the  truck 
itself,  an  increased  efficiency  and  a  large  saving  in  roads. 
Taking  into  consideration  only  the  initial  tire  cost  and 
mileage  delivered,  we  cannot  show  that  pneumatic  tires 
are  more  economical  but,  considering  these  other  things, 
there  is  no  question  that  pneumatic  tires  excel  solid  ones. 

Joseph  Schaeffers: — Considering  the  future  pros- 
pects of  large-size  pneumatic  tires,  it  appears  that  the 
weight  will  prove  the  main  limiting  factor.  A  driver  and 
his  helper  can  handle  a  tire  with  rim  below  200  lb.,  so 
that  the  40  x  8-in.  tire  would  still  be  practical,  while  the 
48  X  12-in.  tire,  weighing  with  rim  about  500  lb.,  can 
hardly  be  handled  by  one  or  two  men  without  involving 
undue  effort.  In  exceptional  cases  the  very  large  sizes 
may  be  justified  and  establish  a  field  of  usefulness,  but 
for  general  adoption  they  appear  to  be  too  heavy  and  too 
expensive. 

The  question  of  rim  equipment  on  pneumatic-tired 
trucks  is  merely  a  question  of  efficiency  against  con- 
venience. The  detachable  rim  equipment  is  lighter;  it  is 
therefore  more  efficient  and  results  in  longer  tire- life. 
On  a  passenger  car,  the  greater  convenience  for  the 
owner-driver  in  having  an  inflated  tire  on  the  demount- 
able rim  is  worth  the  extra  cost.  But  as  Mr.  Darrow 
pointed  out,  the  tires  are  good  for  at  least  7000  miles 
and  one  need  not  figure  on  more  than  one  change  of  tire 
per  month.  What  is  the  difference  in  weight  between 
the  detachable  and  the  demountable  equipment?  How 
much  does  that  difference  in  unsprung  weight  affect  the 
tire  life?  Is  it  worth  while  to  save  possibly  15  ihin. 
once  a  month  for  the  driver,  at  the  expense  of  lower 
efficiency  for  every  ton-mile? 

The  distribution  of  the  main  load  over  four  rear  tires 
as  accomplished  in  the  tandem  rear  axle  is  certainly 
worth  a  very  thorough  test.  In  July,  1911,  at  the  Dayton 
S.  A.  E.  meeting,  Mr.  Reeves  demonstrated  an  eight- 
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wheel  passenger-car.  It  was  an  easy-riding  car,  but  the 
economic  necessity  was  not  there,  certainly  not  to  the 
same  extent  as  at  this  time  for  commercii^l  vehicles. 

It  is  impossible  to  judge,  at  this  stage,  to  what  extent 
the  tire  life  will  be  affected  by  the  fixed  position  of  all 
four  driving-wheels.  If  the  wheelbase  is  long  enough 
and  the  drive-wheels  set  as  closely  together  as  possible, 
the  extra  tire  wear  may  be  negligible.  Only  tests  cover- 
ing several  ten  thousands  of  miles  on  a  comparative  basis 
can  demonstrate  this.  Just  because  six-wheel  trucks 
were  not  successful  years  ago,  it  does  not  follow  that 
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they  will  not  be  successful.  E.  R.  Hewitt  built  an  eight- 
cylinder  V-type  engined  passenger  car  some  12  years 
ago.  The  fact  that  he  abandoned  that  design  does  not 
prevent  the  present  V-type  eight-cylinder  car  from  being 
a  success. 

In  reference  to  the  design  of  tandem  rear  axles,  it 
seems  that  the  worm  drive  would  here  be  even  less  appro- 
priate on  account  of  the  much  wider  range  in  speeds. 
The  worm  drive,  if  used,  should  of  course  have  a  proper 
amount  of  bearing  surface  between  the  worm  and  the 
wheel.  Shock  loads,  as  well  as  a  continuous  application 
of  maximum  loads,  break  up  the  oil  film  between  worm 
and  gear  and  cause  metal-to-metal  contact  with  incidental 
wear  and  destruction,  as  was  evidenced  by  the  worm 
gear  with  standard  gear  differential,  mentioned  by  Mr. 
Scott.  The  only  worm  gear  drive  which  provides  rolling 
contact  between  worm  and  gear  is  the  Pekrun  drive, 
shown  in  Fig.  17.  However,  a  tandem  rear  axle  gives  an 
excellent  opportunity  for  chain  drive,  using  two  dead 
axles  of  I-beam  section,  made  of  high-grade  alloy  steel, 
and  a  high-speed  jackshaft  between  the  axles  but  sup- 
ported above  the  springs.  By  a  judicious  use  of  the 
newer  light  metals  such  as  duralumin  or  electron,  the 
weight  of  hubs,  wheels  and  rims  can  be  cut  down  to  about 
one-third  of  the  present  weight.  The  total  unsprung 
weight  of  such  a  design  would  be  only  a  small  fraction 
of  the  weight  given  in  Mr.  Templin's  paper. 

The  jackshaft  bevel  drive  should  be  used  if  possible 
with  a  double  transmission  arrangement,  one  high-speed 
direct  for  country  roads  and  one  low-speed  direct  for  city 
traffic  and  for  bad  roads,  with  about  30  to  35  per  cent 
difference  between  the  two,  and  giving  a  choice  of  six 
speeds  with  a  three-speed  gearset  A  straight-line  drive 
should  be  used,  eliminating  power  losses  in  universal- 
joints.  The  running  of  such  a  tandem  axle  and  a  single- 
drive-axle  for  some  50,000  miles  on  a  comparative  basis 
should  tell  an  interesting  story.  The  jackshaft  should 
by  all  means  carry  a  self -locking  differential. 

Mr.  Whittbn: — ^I  asked  one  of  our  dealers  about  his 
vrucks  and  if  he  was  doing  any  cross-country  hauling. 
He  said  he  had  come  to  buy  two  more  trucks  for  80-mile 
long-distance  hauling.  I  asked  if  he  intended  to  have 
pneumatic  tires  on  these  trucks,  and  he  told  me  he  had  no 
use  for  the  pneumatic  tire;  that  there  was  a  new  State 
highway  on  the  entire  route,  that  he  had  no  trouble  in 
making  the  160  miles  per  day  on  solid  tires  and  that  he 
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felt  he  gained  nothing  by  using  pneumatic  tires.    That 
led  me  to  bring  up  this  question  of  roads. 

L.  C.  ROCKHILL: — I  am  apt  to  look  at  this  problem 
from  a  merchandising  rather  than  an  engineering  stand- 
point. If  a  thing  is  needed  from  the  standpoint  of  public 
service,  the  engineering  fraternity  works  the  thing  out. 
However,  I  think  that  sometimes  we  confuse  the  issue 
in  discussing  the  virtues  of  pneumatic  and  solid  tires  on 
large  trucks,  by  thinking  too  much  about  what  is  past 
and  not  enough  about  the  future.  I  have  never  been 
able  to  enthuse  very  much  over  the  possibility  of  using 
pneumatic  tires  on  such 'trucks  as  have  been  used  with 
solid  tires  for  years  past,  or  over  the  truck  market  as  it 
has  been  in  the  past.  The  thing  that  interests  me  pri- 
marily is  the  possible  truck  market  in  the  future.  I 
think  that  there  are  tremendous  possibilities  for  the  use 
of  large  trucks  in  new  fields  of  endeavor  and  that  they 
are  almost  solely  dependent  upon  the  use  of  pneumatic 
tires.  Something  must  be  done  to  make  the  large  trucks 
more  useful  in  filling  our  transportation  needs.  Large 
trucks  have  run  on  pneumatic  tires  from  Akron  to  Boston 
during  a  period  of  more  than  three  years.  I  suppose 
that  those  trucks  are  not  particularly  economical  in  that 
service  and  I  am  not  arguing  that  we  will  ever  run  large 
trucks  over  a  1500-mile  route,  but  it  is  indicated  that 
things  can  be  done  with  a  large  pneumatic-tired  truck 
that  cannot  be  done  with  a  solid-tired  truck.  We  tried 
sending  solid-tired  trucks  to  carry  some  cargoes  to  Phila- 
delphia from  Akron.  We  wanted  to  get  a  comparison 
with  our  pneumatic-tired  truck  units.  The  driver  made 
one  trip  and  quit.  We  could  not  have  hired  him  to  make 
another  trip  at  any  price. 

S.  B.  Lambert  : — ^What  troubles  have  been  experienced 
with  air-pumps,  as  to  oiling,  dirt  and  heating  of  the 
pump?  One  that  pumps  to  a  pressure  of  100  lb.  per 
sq.  in.  is  apt  to  get  hot.  Has  anyone  had  trouble  in 
getting  the  right  pressure  for  large  tires? 

Mr.  Scott  : — In  a  general  way,  the  trouble  with  pumps 
has  been  that  they  get  hot  and  will  not  function.  The 
bearing  bums  out.  The  pump  manufacturers  have  had  to 
use  the  very  greatest  skill  in  making  an  air-cooled  pump 
that  is  fool-proof.  Natuifally,  the  air-pump  receives  very 
little  attention.  The  pump  manufacturers  have  changed 
their  models  repeatedly  and  now  have  something  that 
they  consider  satisfactory. 
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AiiuLner  pruoiein  is  nuw  j,ne  pump  snouia  oe  anacnea 
to  the  car.  This  has  been  worked  out  by  having  a 
connection  which  is  standardized  to  a  greater  or  less 
extent  on  the  transmission. 


A  TRACTOR  ENGINE  TEST 

By  C  A  Norman^  and  B  Stockfleth* 

A  four-cylinder  4  by  5-in.  truck  and  tractor  engine, 
designed  for  either  kerosene  or  gasoline  fuel  and  hav- 
ing the  very  low  volumetric  compression  ratio  of  3.36, 
was  used.  Only  by  suitable  adjustments  was  it  found 
possible  to  make  it  show  a  fuel  consumption  as  low  as 
0.67  lb.  per  b.hp.-hr.;  but  with  a  slight  variation  in 
power  and  only  a  different  carbureter  adjustment  the 
fuel  consumption  at  600  r.p.m.  increased  to  about  1.2 
lb.,  or  70  per  cent,  emphasizing  the  importance  of  know- 
ing what  constitutes  the  best  engine  adjustment  and  of 
disseminating  such  knowledge.  The  engine  and  its 
dimensions,  the  experimental  apparatus  and  the  method 
of  testing  are  fully  described  and  discussed,  the  results 
being  presented  in  charts  showing  performance  curves. 
These  are  described,  analyzed  and  the  results  inter- 
preted. 

The  tests  published  here  were  carried  out  with  an  en- 
gine of  lower  speed  and  of  lower  compression  ratio  than 
those  used  by  Professor  Berry  in  the  tests  reported  be- 
fore this  Society  and  elsewhere.  More  factors  are  cov- 
ered; notably  jacket  loss,  exhaust  temperature,  cooling 
through  the  carbureter,  vacuum  in  the  inlet  manifold, 
etc.  Attempts  were  made  to  take  indicator  diagrams 
and,  at  lower  speeds,  some  interesting  information  was 
obtained.  As  the  indicator  used  proved  unreliable  at 
higher  speeds,  this  phase  of  the  experiments  will  not  be 
referred  to  here. 

The  engine  used,  which  is  shown  in  Fig.  1,  was  a  four- 
cylinder  4  by  5-in.  truck  and  tractor  engine  intended  to 
run  on  kerosene  as  well  as  on  gasoline,  and  therefore  had 
the  very  low  volumetric  compression  ratio  of  3.36.  It 
had  been  in  use  in  the  field  and  at  the  factory  for  experi- 


^  Professor  of  machine  design,  Ohio  State  University.  Columbus, 
Ohio. 

•Chief  engineer  of  experimental  laboratory  No.  5,  International 
Harvester  Co.,  Chicago. 
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mental  purposes  for  over  2  years  and,  apart  from  a 
thorough  cleaning  and  valve  grinding,  received  no  special 
treatment  for  these  tests.  It  was  found  possible  only  by 
suitable  adjustments  to  make  it  show  a  fuel  consumption 
as  low  as  0.67  lb.  per  b.  hp.-hr.  However,  with  hardly 
any  variation  in  power  and  only  by  a  different  carbureter 
adjustment,  the  fuel  consumption  at  600  r.p.m.  increased 
to  approximately  1.2  lb.,  an  increase  of  70  per  cent.  This 
would  seem  to  demonstrate  strikingly  the  importance 
of  knowing  what  constitutes  the  best  adjustment  for  an 
engine  and  of  disseminating  such  knowledge  among  the 
engine  using  public. 

The  inlet  valve  had  a  0.225-in.  lift,  while  the  lift  of  the 
exhaust  valve  was  0.285  in.  Both  valves  had  the  same 
opening,  1%  in.  On  an  average  the  inlet  valve  opens 
at  12  deg.  after  the  dead  center  and  closes  at  40  deg. 
after  the  dead  center.  The  exhaust  valve  opens  49  deg. 
before  the  dead  center  and  closes  11  deg.  after  the  dead 
center.  The  fuel  used  in  the  series  of  tests  was  Red 
Crown  gasoline  with  a  specific  gravity  of  0.733,  a  sample 
fractional  distillation  of  which  is  shown  below. 


100  OC.  SAMPLE  USED  IN  DISTILLATION 

Chedc       West-  Chedc      West- 

Tempera-  Temperar      phal            Tempera-  Tempera-     phiil 

ture,          tuTOi  Specific             ture,  ture,      Specific 

06.  deg.  fahr.  deg.  fahr.  Gravity  cc.   deg.  fahr.  deg.  fahr.  Gravity 

5        156            152          55        276  271 

10        173            169          60        290  284  0.746 

15        187            180         0.679  65        305  294 

20        194            194          70       317  306 

25        204            205          75        332  320  0.766 

30        214            216         0.703  80       348  339 

35        230            228          85        367  354 

40        239            239          90       399  387  0.789 

45        253            249         0.728  92        408  

50        266  262  Lo8»-6.5cc. 

Readufr— 1.5  oe. 


The  higher  heating  value  of  this  fuel  was  19,288  B.to. 
per  lb.,  giving  a  lower  heating  value  of  about  18,000 
B.tu.  per  lb. 

The  general  arrangement  of  experimental  apparatus  is 
shown  in  Fig.  2.  The  air  in  passing  to  the  engine  first 
enters  an  equalizing  tank  of  about  17-cu.  ft.  capacity, 
through  a  2-in.  sharp-edged  orifice  specially  calibrated 
against  a  standard  gas  meter  from  the  Peoples  Gas, 
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Light  &  Coke  Co.  The  vacuum  in  the  tank,  which  is 
equal  to  the  pressure  drop  through  the  orifice,  was 
measured  by  an  Ellison  draft  gage.  From  the  tank  the 
air  passes  through  a  pipe  heated  by  gas  flames  under  a 
hood.  The  temperature  of  the  air  entering  the  car- 
bureter was  measured  by  a  bare  bulb  thermometer.  An 
Ensign  type  JK  carbureter,  of  1^-in.  nominal  size,  was 
used.  This  was  connected  to  the  intake  manifold  by  a 
short  pipe,  with  glass  peep-holes. 

The  temperature  in  the  inlet  manifold  was  measured 
by  a  bare  bulb  thermometer  and  the  vacuum  in  the  mani- 
fold by  a  U-tube,  using  water  as  a  liquid.  Cooling  water 
was  supplied  from  a  constant-pressure  tank,  and  after 
passing  through  the  jackets  was  delivered  to  two  weigh- 
ing tanks  on  the  scales.  The  inlet  and  outlet  tempera- 
tures of  the  cooling  water  were  measured  by  bare  bulb 
thermometers.  The  temperatures  were  held  practically 
constant  by  controlling  the  water  flow  by  a  valve.  All 
the  thermometers  were  calibrated  against  a  thermometer 
certified  by  the  Bureau  of  Standards.  The  temperature 
of  the  exhaust  was  taken  by  a  Leeds  &  Northrup  record- 
ing instrument,  using  a  base-metal  thermocouple. 

The  indicator  drive  was  taken  off  the  magneto  shaft 
as  best  illustrated  on  the  photograph  shown  in  Fig.  3. 
The  power  was  absorbed  by  a  prony  brake. 
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Fia.   3 

Method  Of  Testing 

The  engine  was  run  as  far  as  possible  at  a  series  of  set 
speeds  with  the  throttle  locked  in  a  wide-open  position, 
except  at  300  r.p.m.  where  slight  throttling  was  neces- 
sary. At  each  engine  speed,  300,  400,  500,  etc.,  r.p.ni., 
the  temperature  of  the  air  to  the  carbureter  was  held 
successively  at  certain  fixed  temperatures,  usually  70, 
85,  100,  120,  160,  200  and  240  deg.  fahr. 

After  the  establishment  of  the  desired  temperature, 
the  carbureter  was  set  first  for  the  maximum  richness  of 
mixture  at  which  the  engine  would  run  satisfactorily, 
then  for  the  minimum  richness.  Thereafter,  five  or  more 
intermediate  settings  were  used.  Every  carbureter  set- 
ting was  held  for  30  min.  and  readings  taken  every  5  min. 
At  least  49  half -hour  runs  were  thus  made  at  each  speed. 
The  engine  was  cleaned  and  the  valves  touched  up  after 
the  completion  of  the  series. of  runs  at  each  speed  to 
maintain  it  in  an  unchanged  condition  and  thus  make 
certain  of  truly  comparable  results. 

In  Figs.  4  to  11  inclusive  are  given  eight  sets  of  curves 
shovnng  for  each  speed  the  influence  of  the  richness  of 
the  mixture  and  of  the  air  temperature  on  the  powar 
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developed.  The  same  influence  on  fuel  economy  is  shown 
for  the  two  speeds  in  Figs  12  and  13.  At  lower  speeds 
the  power,  as  will  be  seen,  is  influenced  very  little  by 
variation  of  richness,  between  rather  wide  limits.  Up  to 
400  r.p.m.,  practically  no  variation  appears  throughout 
the  whole  range  of  workable  mixtures.  At  500  r.p.m.  it 
is  possible  to  operate  the  engine  on  mixtures  of  less  than 
8  lb.  of  air  per  lb.  of  fuel,  though  at  a  very  marked  sacri- 
fice of  power.  From  9.5  lb.  up  to  over  17  lb.  the  power, 
however,  remains  practically  constant. 

At  600  r.p.m.  a  drop  in  power  is  noticeable  with  air 
quantities  exceeding  14  to  15  lb.  per  lb.  of  fuel.  At 
higher  speeds  the  range  of  constant  and  optimum  power 
becomes  ever  narrower  until  at  900  and  1000  r.p.m.  there 
is  a  decided  peak  at  about  10.5  to  11  lb.  of  air  per  lb. 
of  fuel. 

This  behavior  is  probably  best  explained  by  the  greater 
ignitability  and  more  rapid  progress  of  combustion  of 
the  over-rich  mixtures.  Theoretically,  1  lb.  of  fuel  re- 
quires for  complete  combustion  slightly  less  than  15  lb. 
of  air.  This  mixture,  however,  is  not  so  readily  ignitable 
as  the  richer  mixtures.  This  seems  to  be  further  indi- 
cated by  the  fact  that  the  amount  of  heat  dissipated  into 
cooling  water,  as  well  as  the  temperature  of  the  exhaust, 
increases  quite  regularly  up  to  13  to  15  lb.  of  air.  The 
greater  heat  dissipation  is  probably  due  to  longer-sus- 
tained   high    temperatures,    as    combustion    continues 
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through  the  whole  expansion  stroke,  giving  a  greater  heat 
flow  to  the  walls  and  perhaps  even  partial  after-burning 
in  the  exhaust.  If  these  values  were  plotted  the  drop  of 
the  curves,  which  is  especially  apparent  in  the  curve  for 
the  exhaust  temperature  at  air  quantities  over  15  lb.,  is 
due  no  doubt  to  lower  temperatures  generally,  on  account 
of  air  excess  and  less  heat  produced  by  combustion. 

The  influence  of  increased  richness  of  mixture  on  fuel 
economy  is  uniformly  toward  a  greater  fuel  consumption. 
This  is  only  natural,  as  part  of  the  fuel  must  go  through 
unburnt  or  burnt  to  carbon  monoxide.     (See  Table  1, 
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which  srives  some  very  rough  determinations  in  this 
respect) 

At  900  and  1000  r.p.m.,  very  lean  mixtures  likewise 
show  an  increase  in  the  fuel  consumption  per  brake  horse- 


S910II        eBKI5l6 
P.atio  of  Air  toFo«l  by  "Htxcjc^ 
Fia  8 
Speed  700  r.p.m. 

power  due  to  a  low  power  development  with  the  combus- 
tion too  slow  for  the  speeds.  This  increase,  however,  is 
slight  and  should  not  be  dwelt  upon  to  the  engine  using 
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public.    Over-richness  is  the  great  source  of  fuel  waste 
and  should  be  preached  against. 
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The  general  effect  of  air  heating  as  shown  by  the 
curves  in  Figs.  4  to  11  is  to  reduce  power.  The  amount 
of  this  reduction  from  the  maximum  to  the  minimum 
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performance  at  some  selected  air  to  fuel  ratios  is  shown  in 
Table  2  and  varies  from  5.48  per  cent,  at  800  r.p.m.  and 
the  15  to  1  ratio,  to  15.7  per  cent,  at  400  r.p.m.  and  the 


TABLE 

2 

Decrease  in 

Tempera- 

Ratio, Air 

b.hp.  from 

Speed, 

Power, 

ture  of  Air 

to  Fuel,  by 
Weight 

about  70  to 

r.p.m. 

b.hp. 

Entering 

240  deg. 

Carbureter, 

fahr.. 

deg.  fahr. 

percent 

300 

6.80 
6.05 

75\ 
240/ 

15tol 

11.00 

400 

9.55 
8.05 

75\ 
240/ 

15tol 

15.72 

500 

11.76 
10.00 

72\ 
240/ 

15tol 

14.95 

600 

13.80 
11.75 

70\ 
240/ 

15tol 

14.82 

700 

15.45 
13.25 

70\ 
240/ 

15tol 

14.25 

800 

15.50 
14.65 

85\ 
240/ 

15tol 

5.48 

900 

19.30 
17.50 

1201 
240/ 

12.5  to  1 

9.34 

1,000 

21.80 
18.60 

70\ 
240/ 

lltol 

14.70 
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This  reduction  in  power  can  be  satisfactorily  explained 
by  the  increase  in  compression  work  and  the  decrease  in 
the  maximum  pressure  due  to  the  increased  temperature. 
The  decrease  is  not  wholly  an  unmixed  evil,  however. 
The  engine  can,  at  an  increased  air  temperature,  be  made 
to  operate  between  wider  limits  of  fuel  to  air  ratio  or,  to 
show  greater  flexibility  and  a  smoother  performance. 


13  14  15 

Ratio  of  Air  to  Fuel  By  Weight 

Fio.  12 
Speed  300  r.p.m. 


Moreover,  the  fuel  economy,  especially  at  the  higher 
speeds,  is  not  affected  very  much  by  variations  in  the  air 
temperature.  As  a  matter  of  fact  it  has  been  found,  as 
stated  by  H.  L.  Homing  at  the  1919  Semi-Annual  Meeting 
of  the  Society,  that  air  heating  will  in  actual  road  work 
give  improved  fuel  economy  even  though  the  reverse  may 
have  been  true  on  the  engine  test  stand.  This  is  due,  no 
doubt,  to  the  more  positive  carburetion  and  therefore 
better  distribution  with  heated  air. 

General  Performance  Curves 

In  Fig.  15  is  given  a  set  of  general  performance  curves 
of  the  engine  as  derived  from  these  tests.  They  refer  to 
air  temperatures  of  72  and  240  deg.  fahr.  respectively 
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and  to  a  mixture  ratio  of  12  to  1.  This  ratio  seems  to 
give  the  most  consistent  power  development  throughout 
the  range. 

The  engine  was  an  old-type  engine  designed  for  use  in 
an  ''8-16"  tractor.  It  will  be  noticed  that  the  brake 
horsepower  of  the  engine  at  a  rated  speed  of  1000  r.p.in. 


10      II       12       13       14      15      fib       17 
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exceeded  the  rated  pulley  horsepower  by  more  than  5  hp. 

at  the  lowest  temperature  and  by  2.5  hp.  at  the  highest. 

The  fuel  economy  at  a  ratio  of  12  to  1  varies  but  little 
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with  the  speed  from  400  to  1000  r.p.m.  It  is  to  be  noted, 
however,  that  a  fuel  economy  fully  20  to  25  per  cent  bet- 
ter than  that  at  12  to  1  can  be  obtained  by  using  weaker 
mixtures  as  shown  in  the  full-line  curve. 

In  view  of  the  importance  of  knowing  just  where  the 
best  performance  occurs,  there  are  given  in  Table  3  the 
air  temperature  and  mixture  ratio  leading  to  the  greatest 


TABLE  3 

• 

Fuel  Con- 

Temperature 
of  Airtor  Great- 

Ratio by  Weight, 

sumption, 

Air  to  Fuel, 

Speed, 

lb.  per 

est  Economy, 

for  Greatest 

r.p.m. 

b.hp.-hr. 

deg.  fahr. 

Economy 

300 

0.85 

160 

16.25  to  1 

400 

0.68 

240 

19.00  to  1 
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economy  at  each  speed.  It  is  of  interest  to  note  that  here 
the  highest  air  temperatures  are  very  much  in  evidence. 
In  other  words,  while  rich  mixtures  and  low  temperatures 
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tend  to  give  maximum  power,  leaner  mixtures  and  higher 
temperatures  are  conducive  to  the  greatest  fuel  economy. 
It  is  a  question  whether  this  fact,  in  connection  with  the 
smoother  operation  at  higher  temperatures,  should  not  be 
the  guiding  factor  in  engine  design  rather  than  simply  a 
desire  for  maximum  power.  Another  point  of  interest  is 
that  the  greatest  economy  occurs  at  speeds  of  from  400 
to  600  r.p.m.,  rather  than  at  higher  speeds. 

In  Fig.  16  is  shown  a  set  of  curves  indicating  that  the 
percentage  of  cooling  loss  is  very  little  less  at  400  to  600 
r.p.m.  than  at  the  higher  speeds.  .On  the  other  hand,  the 
curve  in  Fig.  17  shows  that  the  exhaust  temperature 
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increases  with  the  speed.  The  indications  are  that  the 
combustion,  even  with  comparatively  rich  mixtures,  is 
too  slow  to  be  fully  utilized  for  power  purposes  at  the 
higher  speeds. 

It  is  interesting  to  note  that  any  increase  in  the  air 
temperature  does  not  influence  either  cooling  loss  or 
exhaust  temperature  at  all.  (See  Figs.  18  and  19.)  This 
leads  to  the  conclusion  that  the  mixture  just  prior  to  com- 
bustion, although  at  a  slightly  different  temperature, 
is  almost  in  the  same  state  of  evaporation  in  all  cases. 
Since,  as  shown  later,  we  have  positive  evidence  that  an 
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air  temperature  of  240  deg.  fahr.  gives  practically  com- 
plete evaporation  of  the  fuel  before  it  reaches  the  cylin- 
ders, we  can  assume  that  even  at  low  air  temperatures 
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the  fuel  is  perfectly  evaporated  before  combustion  com- 
mences; it  is  evaporated  during  the  intake  and  the  com- 
pression strokes. 

Interpretation  op  Results 

It  is  interesting  to  inquire  how  far  the  results  obtained 
could  have  been  quantitatively  predicted  on  the  basis 
of  known  physical  laws ;  or  to  what  extent  can  an  engine 
of  unusual  size  or  new  type  be  designed  and  its  perform- 
ance predicted  on  the  basis  of  advance  calculations. 

In  some  fields  of  prime  movers,  especially  that  of  steam 
turbines,  it  is  customary  to  predict  the  performance  by  an 
intelligent  analysis  of  the  physical  occurrences  known  to 
take  place  from  step  to  step  and,  by  making  proper  allow- 
ances, estimate  the  future  performance  to  within  very 
close  limits.  It  has  been  found  possible  to  do  very  much 
the  same  thing  in  connection  with  continuous-combustion 
gas  turbines.  In  this  way  a  great  deal  of  unnecessary, 
and  often  hopeless,  experimentation  has  been  avoided. 
Can  we  then  follow  a  similar  course  in  the  case  of  an 
automotive  type  internal-combustion  engine?  There  are 
many  reasons,  especially  the  uncertain  character  of  the 
combustion  process  with  over-rich  mixtures  and  the  com- 
plex character  of  some  of  the  losses,  why  a  very  high 
degree  of  exactness  cannot  be  expected.  Nevertheless,  it 
may  be  useful  to  see  just  which  factors  appear  to  remain 
unsolved  after  a  reasonable  attempt  has  been  made  to 
find  the  answer. 

Assume  an  air  temperature  of  85  deg.  f ahr.  and  a  ratio 
of  air  to  fuel  of  15  to  1  or  practically  the  theoretical  ratio 
for  complete  combustion  without  excess  air.  The  fuel 
will  have  a  lower  heating  value  of  18,000  B.t.u.  per  lb. 
The  air  passing  through  the  carbureter  and  the  inlet 
manifold  to  the  cylinder  is  subject  to  a  cooling  effect  due 
to  the  evaporation  of  the  fuel  and  to  a  heating  effect 
caused  by  radiation  from  the  exhaust  manifold  and  the 
cylinder  walls.  The  cooling  effect  can  be  calculated  in 
advance  on  the  basis  of  the  specific  heat  of  the  liquid, 
usually  about  0.4  to  0.5,  and  the  heat  of  evaporation  of 
the  same. 

The  total  heat  absorbed  from  a  fuel  temperature  of 
say  70  deg.  fahr.  to  complete  evaporation  may  be  put 
roughly  at  280  B.t.u.  per  lb.  of  fuel,  or  in  our  case 
230/15  =  15.3  B.t.u.  per  lb.  of  air.  With  a  specific  heat 
of  0.24  for  air,  the  cooling  effect  would  be 

^=64  deg.  fahr. 
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As  shown  in  Fig.  20  this  is  the  actual  cooling  effect 
observed  at  a  speed  of  400  r.p.m.  for  a  mixture  of  15  lb. 
of  air  per  lb.  of  fuel  at  an  air  temperature  of  240  deg. 
fahr.  At  higher  speeds  the  heating  effect  .from  the 
exhaust  manifold  is  greater  and  the  cooling  through 
evaporation  may  be  somewhat  less.  However^  the  curves 
in  Fig.  20  show  also  that  with  an  air  temperature  of  85 
deg.  fahr.  there  is  no  appreciable  cooling  of  the  mixture 
in  passing  through  the  carbureter.  This  means  that  the 
evaporation  at  this  temperature  is  very  incomplete,  as 
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can,  for  that  matter,  be  clearly  perceived  by  looking  at 
the  mixture  through  the  peep-holes  close  to  the  car- 
bureter; also  that  the  effect  of  heating  the  manifold  may 
be  very  appreciable. 

Avoiding  all  speculation  as  to  any  heating  in  the 
inlet  manifold  and  in  the  inlet  valve,  assume  that  the 
mixture  enters  the  cylinder  at  85  deg.  fahr.  It  here 
comes  in  contact  with  the  burnt  gases  remaining  in  the 
clearance  space  at  the  end  of  the  exhaust  stroke.  The 
temperature  of  these  gases,  as  will  be  seen  later,  may  be 
assumed  to  be  around  1600  deg.  fahr.  The  volume  of  the 
clearance  space  is  42.3  per  cent  of  the  piston  displace- 
ment.   The  weight  of  the  burnt  gas  may  be  assumed  to  be 


(460  +  86) 


X  0.423  =  11.2 


(460  + 1600) 

or  roughly  11  per  cent  of  the  weight  of  the  entering  air. 

The  average  temperature  of  the  mixture  of  the  fresh 

charge  and  the  burnt  gases,  disregarding  the  evaporation 
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of  the  fuel  to  begin  with,  would  be,  since  for  1  lb.  of  air 
there  are  16/15  lb.  of  charge, 

16/15X86  +  0.11X1600 

16/15  +  0.11  -^^^  deg.  fahr. 

This  temperature  will  be  lowered  by  the  evaporation 
of  the  fuel  in.  the  hot  cylinder  but  will  be  increased  by 
the  radiation  from  the  cylinder  walls,  which  may  have  a 
temperature  at  least  in  the  clearance  space  of  700  deg. 
f ahr.,  or  more.*  What  the  resultant  effect  will  be  can  be 
estimated  only  on  the  basis  of  observations.  From  indi- 
cator diagrams  taken  at  400  r.p.m.  it  appears  that  the 
heating  by  radiation  from  the  walls  preponderates. 
.  As  a  starting  point  for  further  calculations,  the  tem- 
perature at  the  beginning  of  compression  has  been  taken 
as  275  deg.  fahr.  With  the  customary  compression  ex- 
ponent of  1.3  and  a  volumetric  compression  ratio  of  8.36, 
the  end  temperature  of  compression  will  be 
1.44  (460  +  275)  =  1060  deg.  fahr.  absolute  or  600  deg.  fahr.' 

With  a  lower  heating  value  of  18,000  B.t.u.  per  lb.  of 
fuel,  there  are  available  per  pound  of  mixture 

^=1125B.t.u. 

The  combustion  is,  however,  by  no  means  instantaneous. 
Assume  70  per  cent  of  the  heat  to  be  developed  practi- 
cally at  constant  volume  in  the  clearance  space,  30  per 
cent  to  go  to  after-burning  and  to  cover  cooling  losses. 
The  heat  then  remaining  in  the  clearance  space  is 

0.7  X  1125  =  787  B.t.u.  per  lb.  of  mixture. 

In  a  paper*  by  the  senior  author  presented  at  the  1919 
Semi-Annual  Meeting  of  the  Society,  is  given  a  set  of 
curves  showing  the  variation  with  the  temperature  of 
the  specific  heat  of  the  products  of  combustion.  From 
the  curve  for  specific  heat  at  constant  volume  the  average 
value  to  be  used  here  is  estimated  at  0.236.  The  tem- 
perature increase  in  the  clearance  space  will  thus  be 


*See  Dugald  Clerk,  The  Gas,  Petrol  and  OH  En^ne,  and  C.  A. 
Norman,  Tranaaotiona  of  the  American  Society  of  Mechanical  E<n- 
ffineers  for   1918,   pa^e   745. 

"With  a  volume  ratio  of  Va/Vu  the  absolute  temperature  ratio  is 

where    n    is    the    compression    exponent.     Ij}    our    case 
=  1.44     (See  Marks,  Mechanical  Engineers*  Handbook. 
•Sl  A.  B.  Transactions,  vol.  14,  part  2,  p.  291. 
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0.787 
0.286 


=  3340  deg.  f  ahr. 


The  temperature  reached  will  be 

600  +  3340  =  8940  deg.  fahr. 

The  nature  of  the  expansion  from  the  maximum  pres- 
sure is,  of  course,  uncertain.  It  will  be  found,  however, 
that  the  cooling  loss  to  be  expected  is  of  the  order  of  mag- 
nitude of  the  heat  assumed  to  be  developed  by  after- 
burning. In  other  words,  the  gases  would  expand 
adiabatically. 

Under  such  conditions  the  expansion  exponent  may  be 
taken  from  the  author's  paper  previously  mentioned  from 
the  curves  for  Cp/Cv  and  will  for  the  temperature  range 
expected  be  about  1.255.    The  temperature  ratio  is  then 
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The  end  temperature  of  expansion  is 

^^186^^  "■  *^^  "  ^^^  ""  ^^  =  ^'^^^  ^^'  '*^^- 
We  might  now  check  the  assumed  cooling  loss  by  a 
formula  published  by  the  senior  author  in  a  paper*  pre- 
viously referred  to. 
The  formula  is 


,  =  3.2^^7 


where 


L  =  cooling  loss  during  the  expansion  stroke  in  B.t.o. 

per  lb.  of  gas 
i2  =  the  ratio  of  cooling  surface  to  enclosed  volume, 

sq.  in.  to  cu.  in.,  in  our  case  1.29 
V  =  the  piston  speed  in  feet  per  minute ;  in  our  case,  at 

400  r.p.m.,  V  =  ^^^^X^  _  335  ^^  ^^  ^^^ 

C  =  a  constant  obtained  by  the  author  from  certain 
experiments  by  Dugald  Clerk  and  is  read  from 
curves  in  Fig.  21,  which  is  reproduced  from  the 
original  paper.  The  temperature  referred  to  is  the 
mean  temperature  during  the  expansion  stroke 

It  is  in  our  case 

»^^  +  ^^«0=3360deg.fahr. 

With  exterpolation  for  this  temperature,  C  may  be 
taken  to  be  1600  B.t.u.  per  lb.  of  gas. 
The  cooling  loss  is  consequently 

r  _  3.2  X 1600  X  1.29  V335 
400 
302 
=  302  B.t.u.  or  jjog  =  ^^-^  P®^  ^^^^  ^^  ^^  ^^^^  ^^^^- 

This  value  is  at  least  of  the  same  order  of  magnitude 
as  the  30  per  cent  reserved  for  after-burning  in  our 
assumptions. 

The  net  indicated  work  obtained  from  the  process  is 
the  difference  between  the  expansion  work  and  the  com- 
pression work  per  pound  of  gas. 

The  formula  for  both  is 

Work  per  pound  in  B.t.u.     —  \       ■**^  t  where 

778  X  (n  — 1) 

*8ee  TrantaetUmt  of  the  American  Society  of  Meclianioal  Bhigl- 
neen  for  1918,  pave  746. 
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i^  is  a  gas  constant  eqaaling  53.3  for  air  and  53.6  for 
average  combustion  gas 

Ti  is  the  absolute  initial  and 

r,  is  Hie  absolute  final  temperature 

n  is  the  exponent  of  change,  equaling  1.3  for  com- 
pression and  1.255  for  expansion  in  this  case 

The  compression  work  per  pound  of  air,  neglecting  the 
very  small  compression  work  on  the  fuel  vapor,  is 

74  X 15/16  =  70  B.tu.  per  lb.  of  mixture 

The  expansion  work  per  pound  of  mixture  is 
58.6X4400/         1.00  \  _  .,  .  ^  . 
778  X  0.255V^  -^TM  )  -  ^^^  ^'^''' 
The  net  indicated  work  per  pound  of  mixture  is 

815  — 70  =  245  B.t.u. 
The  indicated  work  per  pound  of  fuel  is 

245  X  16  =  8920  B.tu. 
The  brake  net  work,  with  a  mechanical  efiiciency  actu- 
ally determined  for  this  engine  at  about  0.85,  is  equal- 
to  3920  X  0.85  =  3330  B.tu.  One  horsepower  hour  is 
equal  to  2547  B.t.u.  Consequently  the  amount  of  fuel 
necessary  per  brake  horsepower-hour  is 

^=0.766  lb. 

The  actually  measured  values  for  the  conditions  of  rich- 
ness and  temperature  here  assumed  are  given  in  the  ac- 
companying table. 

It  will  be  noticed  that  from  400  to  700  r.p.m«  the  check 
is  surprisingly  good.  At  higher  speeds  the  fuel  rate 
is  higher  than  figured  here.  This  may  be  caused  by 
throttling  through  the  carbureter  and  the  valves;  by 
greater  heating  of  the  charge  through  radiation  from  the 
exhaust  Jnanif old  and  from  the  cylinder  walls;  by  insuf- 
ficient velocity  of  combustion,  and  by  other  factors,  aU  of 
which  the  authors  hope  to  be  able  further  to  analyze  later 
on,  with  the  aid  of  the  indicator  and  entropy  diagrams. 

Work  of  this  kind  was  started  in  connection  with  this 
paper  and  gave  some  very  interesting  indications.  Unfor- 
tunately, the  operation  of  the  indicator  used  was  not  sat- 
isfactory enough  to  warrant  publication  of  the  results. 

THE  DISCUSSION 

0.  C.  Bebry: — ^What  jacket-water  temperature  was 
maintained  in  these  tests  and  what  kind  of  fuel  was  used? 
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The  less  volatile  fuels  require  a  much  higher  jacket- 
v^ater  temperature  and  more  heat  in  the  mixture  to  get 
good  carburetion,  than  do  the  high-grade  gasolines. 

In  comparing  these  results  with  the  Purdue  tests,  it 
will  be  noticed  that  the  curves  are  drawn  to  different  co- 
ordinatesy  the  lean  mixtures  being  represented  at  the 
right-hand  end  of  these  curves  and  at  the  left-hand  end 
of  those  in  the  Purdue  paper.  In  these  curves  the  chemi- 
cally perfect  mixture  is  obtained  with  14.77  lb.  of  air 
per  lb.  of  gasoline. 

We  are  threatened  with  a  shortage  of  fuel,  and  as  Mr. 
Kettering  expresses  it,  this  is  the  one  cloud  on  the  auto- 
motive horizon.  If  we  are  to  meet  this  situation  in 
such  a  way  that  the  automotive  industry  will  continue 
to  grow  in  the  future  as  it  has  in  the  past,  we  must  solve 
several  problems. 

In  the  first  place,  we  must  produce  an  engine  that 
will  use  the  fuel  more  efficiently,  as  has  been  very  clearly 
pointed  out  in  this  paper.  In  this  connection  I  mention 
the  desirability  of  having  the  carbureter  designed  so 
that  a  complete  adjustment  can  be  obtained  by  a  device 
on  the  steering  post  of  the  car.  The  device  should  be 
more  than  a  mere  "choke,''  it  should  make  the  mixture 
leaner  or  richer  by  the  same  percentage  through  the  en- 
tire range  from  no  load  to  full  load.  The  value  of  such 
a  device  can  be  pointed  out  in  this  way.  If  a  carbu- 
reter is  adjusted  so  that  it  will  give  a  rich  enough  mix- 
ture to  start  the  engine  and  cause  it  to  run  nicely  when 
it  is  cold,  the  mixture  will  be  too  rich  when  the  engine 
warms  up.  Although  without  accurate  data  on  this 
point,  I  would  estimate  that  this  excess  fuel  will  often 
amount  to  30  per  cent.  In  other  words,  without  a  de- 
vice of  this  kind  one  may  be  forced  to  waste  one-third 
of  all  of  the  fuel  used. 

I  have  used  a  device  of  this  kind  for  a  number  of 
years  and  would  not  willingly  be  without  it.*  I  start 
out  with  a  good  rich  mixture  and  after  I  get  well  started 
I  make  the  mixture  continuously  leaner  until  the  engine 
commences  to  lose  power.  I  then  make  the  mixture  al- 
ternately a  little  richer  and  a  little  leaner  until  I  find  a 
mixture  that  will  give  almost  but  not  quite  the  full 
power.  This  is  the  mixture  for  best  general  performance 
in  that  it  will  give  almost  the  maximum  power  and 
at  the  same  time  almost  maximum  efficiency.  In  case 
the  engine  heats  up  later  or  the  day  gets  warmer,  I  can 
readjust  the  carbureter  while  driving.    The  operation  is 


Digitized 


by  Google 


TRACTOR   ENGINE    TEST  781 

not  difficult,  is  in  fact  enjoyable  and  it  results  in  a 
marked  increase  in  the  miles  per  gallon  of  gasoline. 

To  be  successful,  a  device  of  this  kind  must  be  so  de- 
signed that  the  richest  mixture  obtainable  is  just  barely 
rich  enough  to  allow  a  cold  engine  to  run  nicely,  and  a 
separate  device  must  be  supplied  for  flooding  the  carbu- 
reter to  start  the  engine.  This  is  necessary  to  make  it 
fool-proof.  A  large  percentage  of  automobile  drivers  will 
flood  the  carbureter  if  such  a  thing  is  possible.  If  de- 
signed as  suggested,  the  unthinking  driver  will  get  along 
as  well  as  he  could  with  any  other  fool-proof  carbureter, 
and  the  skilled  driver  will  be  able  to  obtain  ideal  results. 

Important  as  increased  economy  is,  the  fuel  problem 
cannot  be  completely  solved  in  that  way.  We  must  ex- 
tend the  fuel  supply.  The  most  obvious  way  to  do  this 
is  to  include  in  the  engine  fuel  a  larger  part  of  the  crude 
petroleum,  or  more  "heavy  ends."  This  would  however 
result  in  two  things : 

(1)  The  poor  carburetion  resulting  from  the  heavy 
ends  would  lead  to  excessive  engine  trouble  and 
maintenance  costs 

(2)  The  heavy  ends  in  the  fuel  would  result  in  a  vio- 
lent kerosene  knock 

Mr.  Kettering  and  the  other  men  working  with  him 
have  pointed  out  that  the  kerosene  knock,  or  detonation, 
can  be  eliminated  by  producing  a  proper  fuel  blend. 
Alcohol,  benzol  and  some  other  fuels,  when  added  to  the 
petroleum  products,  will  do  away  with  the  knock  entirely. 

The  staff  of  the  Purdue  Engineering  Experiment  Sta- 
tion and  many  other  investigators  are  striving  to  de- 
velop a  carbureting  system  capable  of  handling  the  less 
volatile  petroleum  products.  We  will  soon  know  just  how 
far  it  is  possible  to  go  in  that  direction,  and  what  the 
limiting  factors  are.  We  feel  confident  that  the  limit  has 
not  been  reached  as  yet,  and  even  hope  to  see  the  time 
when  we  can  carburet  all  of  the  more  fluid  petroleum 
products.  In  conjunction  with  the  cracking  processes  of 
making  gasoline,  this  may  make  it  possible  to  convert 
petroleum  into  engine  fuel,  lubricating  oil  and  petroleum 
coke.  The  alcohol  and  benzol  added  to  this  petroleum 
fuel  to  produce  a  proper  blend  will  again  add  to  the  vol- 
ume of  the  available  fuel,  so  that  there  is  still  reason  to 
hope  that  the  fuel  problem  can  be  solved,  at  least  for  the 
immediate  future. 

C.  A.  Norman: — ^The  distillations  are  given  in  the 
paper.     In  getting  better  efficiency,  it  is  desirable  to 
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have  the  steering-post  carbureter  adjustment.  If  a  car» 
bureter  gives  a  rich  enough  mixture  to  start  nicely  when 
the  engine  is  cold,  when  it  warms  up  the  mixture  is  too 
rich.  We  have  no  accurate  data  on  that  point.  It  wiD 
amount  to  30  per  cent  in  cool  weather;  in  cold  weather, 
to  more  than  that.  This  means  the  throwing  away  of 
part  of  the  gasoline.  With  a  steering-post  adjustment 
the  engine  can  start  with  a  rich  mixture  and  warm  up; 
if  the  mixture*  is  richer  than  necessary,  it  can  be  nuide 
leaner.  It  can  then  be  adjusted  to  a  point  just  below 
the  highest  power,  the  point  best  suited  for  the  best 
performance. 

In  a  large  way,  there  are  two  problems  involved  in 
solving  this  fuel  question.  One  is  to  develop  a  carbureter 
that  can  utilize  the  heavier  oil  products.  But  these  heav- 
ier petroleum  products  produce  a  heavy  knock.  As  has 
been  pointed  out  by  Mr.  Kettering  and  others,  the  solu- 
tion of  this  problem  seems  to  be  through  the  fuel  blend, 
using  petroleum,  alcohol,  benzol  or  some  other,  fuel  of 
that  character,  introduced  to  do  away  with  the  detona- 
tion. 

J.  H.  Shoemaker: — ^Have  any  engineers  tried  two- 
spark  or  multiple  ignition?  As  an  instance,  during  the 
war  a  seaplane  was  unable  to  rise  from  the  water;  a  two- 
spark  ignition  was  installed,  which  gave  an  increased 
number  of  revolutions  per  minute  and  the  additional 
power  needed  for  rising.  I  do  not  know  whether  that 
gave  greater  fuel  economy. 

W.  G.  Wall: — Professor  Berry's  remarks  suggest 
how  much  fuel  is  lost,  after  engines  become  heated,  by 
not  shutting  off  the  excess  gas.  Would  it  not  be  feasible 
and  possible  to  attach  a  thermostat  in  the  water  line  and 
connect  it  to  the  needle-valve  of  the  carbureter  so  that, 
as  the  engine  heats  up,  the  amount  ^of  gasoline  will  be 
cut  down?  The  temperature  of  the  water  in  the  water- 
jacket  bears  only  a  comparative  relation  to  the  tempera- 
ture of  the  engine,  although  such  a  relative  change  from 
a  cold  to  a  hot  engine,  which  would  operate  the  thermo- 
stat, could  readily  be  used  to  cut  off  a  part  of  the  gaso- 
line supply.    Has  this  method  been  used? 

F.  D.  Hows: — I  recently  received  a  carbureter  that 
has  a  thermostat  in  the  gasoline  bowl.  The  viscosity  of 
the  fuel  changes  with  its  temperature,  so  the  fuel  tem- 
perature is  what  We  need  to  measure.  It  looks  promis- 
ing to  me. 

Chables  Guernsey  :'— Professor  Berry  recommended 
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the  use  of  steering-post  control  to  regulate  the  quality  of 
mixture  in  accordance  with  the  needs  of  the  engine.  We 
have  tried  this  construction  and  have  been  forced  to 
abandon  it.  We.  at  one  time  used  a  carbureter  which 
was  fitted  with  an  adjustment  operated  from  the  steering 
column.  It  did  not  work  out  satisfactorily  in  truck  use. 
The  driver  would  set  the  adjustment  to  the  rich-mixture 
position  for  starting  and  forget  to  reset  the  adjustment 
until  the  engine  began  to  labor  heavily. 

Both  Professor  Berry's  and  Professor  Norman's  studies 
have  shown  that  it  is  possible  to  operate  an  engine 
smoothly  within  very  wide  limits  of  mixture  proportion. 
The  result  was  that  these  trucks  were  operated  a  great 
portion  of  the  time  away  over  on  the  rich  end  of  the 
mixture  range,  resulting  in  high  gasoline  consumption, 
heating  and  serious  carbon  deposits.  I  am  inclined  to 
agree  with  Mr.  Wall's  suggestion  that  a  thermostat  be 
used  in  such  a  way  as  to  enrich  the  mixture  when  the 
engine  is  cold,  coming  down  to  the  standard  adjustment 
after  the  engine  has  reached  the  normal  temperature. 

Mr.  Shoemaker: — ^Would  it  not  be  practicable  with 
such  a  device  to  have  it  held  in  the  lean-mixture  position 
by  a  spring,, so  that  the  driver  would  be  forced  to  hold 
it  long  enough  to  get  the  engine  up  to  its  power? 

President  J.  G.  Vincent: — ^That  has  been  found  desir- 
able in  many  cases;  otherwise,  the  engine  would  run  on 
too  rich  a  mixture,  and  accumulate  compounds  in  the 
crankcase  that  are  not  wanted  there.  The  question  was 
asked  whether  two  sparks  might  not  aid  in  economy. 
Would  the  engine  run  with  a  leaner  mixture  if  two  sparks 
were  used? 

Roger  Chauveau: — That  depends  largely  upon  the 
shape  of  the  cylinder.  We  found,  in  aviation,  where  we 
used  overhead  valves,  that  two  sparks  had  very  little  ef- 
fect. On  the  other  hand,  in  a  T-head  cylinder  if  the 
spark-plugs  are  placed  in  the  very  best  location,  from 
20  to  25  per  cent  better  fuel  economy  can  be  obtained. 
In  an  L-head  cylinder  this  runs  from  about  6  to  12  per 
cent.  There  are  other  features  in  the  two-spark  igni- 
tion which  are  of  advantage.  It  is  possible  with  two-  ' 
spark  ignition  to  run  the  engine  with  less  spark  advance, 
which  tends  to  prevent  overheating  and  partially  over- 
comes the  pinking  and  kerosene  knock. 

President  Vincent:— What  is  the  effect  on*  the 
power? 

Mr.  Chauveau: — Two-spark  ignition  will  increase  the 
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power,  according  to  the  shape  of  the  cylinder-head,  from 
10  to  20  per  cent. 

T.  Kargau: — ^What  is  the  effect  on  slow-speed  en- 
gines? 

Mr.  Chauveau: — The  speed  of  the  engine  counts,  ot 
course.  If  it  is  a  question  of  an  engine  speed  of  600  to 
800  r.p.m.,  the  effect  will  probably  be  approximately  one- 
half  of  the  figures  mentioned  above,  as  these  figures  were 
based  on  engines  running  from  1500  to  2000  r.p.m. 

E.  T.  Bibdsall: — In  regard  to  the  control  of  the  car- 
bureter from  the  steering-post,  some  time  ago,  in  my 
enthusiasm  to  get  the  correct  mixture  I  installed  a  Mas- 
ter carbureter, on  my  car.  After  that  experience  I  am 
through  with  attempting  to  give  the  driver  control  of  the 
mixture.  I  became  so  tired  of  juggling  that  lever  that 
I  took  it  off  and,  although  I  got  better  results,  life  is 
too  short  for  such  a  thing.  If  that  is  too  much  trouble 
for  me,  with  all  my  enthusiasm,  it  will  not  appeal  to  a 
truck  driver.  My  contention  for  years  has  been  that 
the  only  way  to  put  a  carbureter  on  is  to  set  it  as  nearly 
right  as  possible,  and  then  dip  the  whole  thing  in  solder 
so  that  the  driver  cannot  change  it. 

In  regard  to  economy,  I  have  been  making  some  experi- 
ments in  crankcase  dilution,  which  is,  of  course,  closely 
allied  to  economy.  With  the  choking  method  we  have 
been  putting  all  kinds  of  fuel  into  the  crankcase.  On  my 
own  engine  I  have  aluminum  pistons.  I  can  tell  very 
closely  the  stage  of  my  crankcase  dilution  by  the  piston 
slap.  I  want  to  avoid  that,  but  I  want  to  be  able  to  start 
promptly  in  cold  weather  and  so  I  have  been  trying  out 
various  primers.  Last  November  I  put  on  a  type  of 
primer  that  boils  the  gasoline.  The  level  in  the  primer 
chamber  is  the  same  as  that  in  the  carbureter.  I  have 
abandoned  the  use  of  the  butterfly  choker.  I  have  found 
that  with  this  device  I  practically  eliminated  crankcase 
dilution  at  least  for  three  months.  It  is  running  now, 
and  the  pistons  have  not  notified  me  as  yet  of  any  excess 
of  gasoline  in  the  crankcase.  I  also  get  less  back-firing 
when  the  engine  is  cold. 

This  device,  if  operated  when  the  engine  is  not  run- 
ning, produces  a  vapor  or  fog  which  does  not  condense. 
It  simply  floats  off  into  the  air,  and  can  be  lighted  with 
a  match.  I  believe  there  are  two  or  three  of  these  de- 
vices on  the  market  and  they  should  eliminate  probably 
75  per  cent  of  the  crankcase  dilution  and  also  give  bet- 
ter economy  by  not  wasting  gasoline  in  the  crankcase. 
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Going  back  to  the  steering-post  adjustment  for  the 
ordinary  truck  drivers,  which  applies  also  to  90  per  cent 
of  the  ordinary  passenger-car  drivers,  I  am  absolutely 
against  it.  They  will  not  operate  them  properly,  if  they 
operate  them  at  all.  The  more  adjustments  the  driver 
has  at  his  command,  the  poorer  is  the  economy  obtained 
from  the  truck. 

Professor  Norman: — The  questions  have  been  very 
largely  answered  by  other  speakers  in  the  course  of  the 
discussion.    I  shall  therefore  mention  only  a  few  points. 

The  temperature  of  the  cooling  water  was  kept  as 
nearly  constant  as  possible  in  the  tests;  at  about  200 
deg.  fahr.  at  the  point  of  leaving,  the  rise  being  about 
70  deg.  fahr. 

Regarding  the  influence  of  two  spark-plugs,  some  il- 
luminating tests  have  recently  been  carried  out  by  the 
Bureau  of  Standards.  The  velocity  of  flame  propaga- 
tion was  measured  in  a  5  by  7-in.  Liberty  engine  while 
the  engine  was  actually  running.  From  some  computa- 
tions I  have  made  it  appears  that,  even  at  1800  r.p.m., 
the  velocity  of  flame  propagation  with  a  single  spark-plug 
was  enough  to  spread  the  combustion  through  the  charge 
before  the  end  of  the  working  stroke.  It  was  not  enough, 
however,  to  ignite  the  charge  completely  and  bum  it  in 
the  clearance  space  at  a  reasonably  constant  volume,  say 
in  one-eighth  of  the  stroke.  Since  greater  efficiency  is 
obtainable  by  combustion  in  the  clearance  space  than  by 
combustion  during  the  whole  stroke,  the  efficiency  of  a 
5  by  7-in.  engine  at  1800  r.p.m.  can  be  improved  by  two 
spark-plugs.  That  of  a  smaller  engine,  or  a  5  by  7-in. 
engine  at  a  lower  speed,  cannot  be  improved  in  the  same 
ratio. 

The  type  of  fuel  used  is  specified  in  great  detail  in 
the  paper.  It  was  a  standard  gasoline  and  the  con- 
stancy of  quality  was  checked  repeatedly  by  distillation 
tests.  The  test  here  reported  is  only  the  first  half  of  a 
test.  It  is  proposed  to  run  the  same  engine  on  kerosene 
and  compare  its  performance  when  burning  that  kind  of 
fuel  with  that  obtained  from  gasoline. 
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RELATION  OF  TIRES  TO  TRUCK 
EFFICIENCY 

By  SV  Norton^ 

The  discussion  is  largely  in  regard  to  the  ability  of  a 
truck  to  deliver  merchandise  economically  under  a 
given  set  of  external  conditions.  The  matter  of  truck 
tire  equipment  is  reviewed  in  the  light  of  recent  ex- 
periences  of  many  operators  and  service  men.  The 
general  functions  of  tires,  securing  traction,  cushioning 
the  mechanism  and  the  load  and  protecting  the  road, 
are  elaborated  and  six  primary  and  seven  secondary 
reasons  given  for  the  use  of  pneumatic  tires  on  trucks 
within  the  debatable  field  of  1^  to  3^ -ton  capacity. 
The  deciding  factors  in  tire  choice,  those  affecting  time 
and  those  affecting  cost,  are  stated  and  commented 
upon,  the  discussion  next  being  focused  on  how  tires 
affect  these  factors.  Considerations  relating  to  both 
truck  and  tire  repairs  are  then  reviewed.  Separating 
the  field  for  each  type  of  tire  into  three  parts,  the  im- 
perative, the  economic  and  the  optional,  within  one  of 
which  the  operator  can  reasonably  locate  his  require- 
ments and  decide  upon  his  equipment,  the  specific  con- 
siderations involved  in  making  this  decision  are  then 
enumerated. 

In  an  excellent  paper,  entitled  Pneumatic  Tires  for 
Trucks,*  by  B.  B.  Bachman,  read  before  the  Society 
February,  1919,  the  principal  advantages  and  disad- 
vantages of  pneumatic-tire  equipment  were  set  forth 
clearly  and  forcefully.  In  my  judgment,  his  paper  is  the 
most  convincing  presentation  of  this  subject  that  has  yet 
been  made.  Notwithstanding  the  apparent  limitations 
of  the  economical  use  of  pneumatic  tires  due  to  external 
factors,  so  much  has  been  claimed  in  their  favor  since 
his  paper  was  written  that  it  seems  advisable  to  analyze 
the  relation  of  both  solid  and  pneumatic  tires  in  respect 
t9  their  effect  upon  motor  trucks  in  practical  operation. 
'  A  distinction  is  here  made  between  the  inherent 
"ability"  of  a  truck  to  overcome  road  friction  and  the 
force  of  gravity  due  to  its  engineering  design  and  its 
ability   to    deliver   merchandise    economically    under   a 

'B.  p.  Goodrich  Rubber  Co.,  Akron,  Ohio. 

'S.  A.  E.  Transactions,  vol.  14,  i>art  1,  p.  469. 
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given  set  of  external  conditions.  It  is  largely  ip  the 
latter  sense  that  I  shall  discuss  the  subject,  although  I 
realize  that  the  members  are  perhaps  more  especially 
interested  in  the  former.  In  the  last  analysis,  however, 
trucks  must  be  designed  and  built  to  meet  the  needs  of 
their  buyers,  who  use  them  to  move  freight  under 
widely  differing  and  complex  circumstances. 

Viewing  the  problem  from  this  angle,  I  have  sought 
information  not  only  from  truck  manufacturers  and  their 
engineers,  but  from  truck  salesmen  and  operators  in  all 
parts  of  the  country,  as  well  as  from  tire  dealers  and 
those  upon  whose  local  service  in  the  field  the  continued 
and  successful  operation  of  the  truck  depends.  The  in- 
foiteation  presented  is  not  theoretical,  nor  based  upon 
the  experiences  of  selected  operators  whose  delivery 
problems  would  invariably  point  to  the  same  conclusion, 
but  is  rather  a  composite  of  the  opinions  of  hundreds  of 
truck  operators  engaged  in  handling  all  kinds  of  mer- 
chandise, and  of  hundreds  of  men  whose  business  it  is 
to  help  keep  those  trucks  running  economically.  Because 
of  the  concentrated  study  that  is  being  given  to  all 
phases  of  motor  transportation,  some  factors  in  the 
problem  are  almost  as  variable  as  a  kaleidoscope.  Hence, 
conclusions  which  may  appear  sound  today  may  have  to 
be  modified  by  changes  that  are  gradually  but  constantly 
taking  place.  For  instance,  truck  design  is  being  altered 
and  improved.  Tires  are  being  built  better  and  stronger. 
Roads  are  being  improved,  while  experience  is  pointing 
the  way  to  the  more  Intelligent  use  of  motor  trucks 
through  systems  and  devices  heretofore  unknown.  It 
therefore  seems  worth  while  to  view  the  question  of 
truck  tire  equipment  in  the  light  of  recent  experiences 
of  many  operators  and  service  men,  to  get  a  clear  idea 
of  the  advantages  and  limitations  of  each  type. 

General  PuNcrriONs  of  Tires 

The  functions  of  tire  equipment  are:  To  secure  trac- 
tion, cushion  the  mechanism  and  the  load  and  protect 
the  road.  From  the  truck  operator's  viewpoint  the 
first  two  are  of  more  importance  than  the  third,  al- 
though it  is  becoming  increasingly  necessary  to  safe- 
guard the  taxpayers'  investment  of  millions  of  dollars  in 
improved  highways  through  proper  restrictions  upon  the 
vehicles  that  use  them.  To  perform  these  functions, 
solid,  cushion  and  pneumatic  types  of  tire  are  avail- 
able.    The  general  knowledge  of  the  construction  and 
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pecuyarities  of  each  type  makes  it  unnecessary  to  de> 
scribe  them,  except  to  say  that  the  cushion  tire  is  in 
reality  a  solid  tire,  usually  made  from  a  specially  resil- 
ient rubber  compound,  so  designed  in  contour  or  inter- 
nal construction  as  to  be  soft  and  yielding  under  pres- 
sure. Its  construction  generally  renders  it  less  rugged 
and  hence  more  susceptible  to  early  failure  under  severe 
service  conditions.  Since  there  are  relatively  few 
cushion  tires  in  service  at  present,  we  may  profitably 
confine  our  discussion  to  the  solid  and  pneumatic  types. 

At  present,  the  accepted  field  for  pneumatic  tires  is  on 
trucks  up  to  iy2  tons  capacity,  and  for  solid  tires  it  is 
on  trucks  of  3V^  tons  or  over.  Between  these  two  ca- 
pacities the  field  is  debatable,  and  the  choice  cannot  be 
made  intelligently  without  a  careful  analysis  of  the 
important  factors  involved  in  each  individual  case.  If 
the  operators  of  trucks  in  this  debatable  field  could 
surely  avail  themselves  of  all  the  advantages  claimed  for 
pneumatic-tire  equipment,  no  trucks  would  be  found  on 
solid  tires,  since  the  claims  embrace  nearly  everything 
the  truck  owner  desires.  Let  us  review  the  claims  made 
on  behalf  of  the  tires  themselves  and  then  study  them 
in  relation  to  various  external  factors  which  should  have 
an  equal  if  not  greater  bearing  upon  the  choice  of  equip- 
ment. 

From  several  hundred  truck-tire  salesmen,  as  well  as 
truck  operators  throughout  the  United  States,  whose 
opinions  were  asked  as  to  the  principal  advantage  to  be 
gained  from  the  use  of  pneumatic  tires  in  the  debatable 
field  above  described,  the  following  table  shows  the  rea- 
sons given  with  the  percentage  of  replies  for  each: 

Per  cent 

Greater  traction  40 

More  cushioning  28 

Higher  speed  21 

Lower  repair  bills  5 

Saving  in  gasoline  4 

More  work  possible  2 

100 

Other  reasons  were  given  for  the  use  of  pneumatic 
tires,  but  they  were  thought  to  be  of  secondary  im- 
portance.    They  were 

(1)  Less  breakage  of  loads 

(2)  Reduced  fatigue  of  drivers 
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(3)  I^ss  depreciation  of  trucks 

(4)  Reduced  depreciation  of  roads 

(5)  Adaptability  of  trucks  to  farm  use 

(6)  Lighter  weight  trucks  possible 

(7)  Increased  earning  power 

Deciding  Factors  in  Tire  Choice 

It  is  evident  that  a  careful  study  should  be  made  of 
all  the  factors  involved  before  deciding  which  type  of 
tire  to  use.  For  the  purposes  of  this  discussion  the 
factors  may  be  divided  into  three  groups;  engineering 
features,  practical  operating  features  and  features  of 
tire  service  in  the  field.  In  taking  up  the  engineering 
aspects  I  speak  briefly  and  frankly  as  a  layman  and  not 
as  a  truck  engineer.  Before  changing  tire  equipment 
from  solid  to  pneumatic  it  should  be  realized  that  to 
gain  certain  possible  advantages  other  definite  disadvan- 
tages must  be  faced.  First,  the  wheels  of  the  vehicle 
must  be  cut  down  to  receive  pneumatic  tires.  The  cost 
of  this  will  vary  according  to  local  conditions,  but  it  is 
a  large  item  of  expense.  As  the  pneumatic  tire  has 
a  larger  actual  than  nominal  diameter,  and  since  in  many 
cases  a  pneumatic  of  larger  nominal  diameter  must  be 
used  than  is  required  for  a  solid  tire,  to  secure  the 
necessary  carrying  capacity,  proper  allowance  should  be 
provided  for  both  body  and  fender  clearance.  It  should 
also  be  remembered  that  the  larger  sectional  diameter 
of  the  pneumatic  tires  will  affect  the  steering  clearance 
and  that  the  truck  will  be  unable  to  turn  in  so  short  a 
radius  as  it  did  on  solid  tires.  This  is  especially  im- 
portant in  negotiating  turns  in  narrow  streets  and  alleys, 
as  well  as  in  garages  with  limited  floor  space.  As  the 
larger  diameter  of  the  pneumatic  tires  will  affect  the 
gear  reduction,  the  change  will  have  a  corresponding 
effect  on  the  mechanical  ability  of  the  truck.  If  the 
change  is  made,  will  the  truck  be  able  to  "make  the 
grade"  so  far  as  particular  problems  are  concerned? 
Will  it  materially  affect  the  pay-load  capacity  of  the 
truck?  Will  it  reduce  ability  to  haul  trailers?  What 
will  be  the  effect  upon  the  engine? 

The  increased  maximum  speed  due  to  the  larger  diam- 
eter of  the  pneumatic  tire  will  be  relatively  slight,  pro- 
vided the  engine  is  governed  to  run  at  the  same  speed 
as  formerly.  If  the  change  is  made  to  get  jnore  speed, 
either  the  gear  ratio  must  be  reduced  and  the  ability  of 
the  truck  thus  still  further  reduced,  or  the  governor 
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must  be  opened  and  the  engine  speed  increased.  There 
is  danger  here,  however,  as  speed  induces  extra  vibra- 
tion, joints  begin  to  loosen  and  before  long  the  engine 
may  be  literally  racked  to  pieces. 

As  the  engines  in  some  trucks  now  have  pressure-feed 
oiling  systems,  they  can  more  safely  withstand  the  extra 
speed,  so  far  as  lubrication  is  concerned,  although  this 
feature  should  be  carefully  investigated,  as  there  is 
danger  of  damage  from  this  cause  with  resultant  ex- 
pense. Still  another  factor  which  should  be  considered 
is  the  tax  upon  the  cooling  syst^n  if  the  engine  is 
speeded  up.  Again,  additional  speed  calls  for  greater  brak- 
ing ability.  Before  changing  tire  equipment  assurance  is 
necessary  that  with  increased  truck  speed  and  the  limi- 
tations imposed  on  the  diameter  of  the  brake-drums  by 
the  reduced  diameter  of  the  wheels  themselves,  the  ma- 
chine will  still  have  sufficient  braking  ability.  Brakes 
designed  for  slower  speeds  but  used  under  more  severe 
conditions,  will  inevitably  require  more  frequent  re- 
newal and  may  not  even  safely  perform  their  required 
function.  In  fact,  an  engineer  of  one  of  the  larger  tire 
companies,  advocating  the  use  of  pneumatic  tires  on 
trucks,  says 

On  account. of  the  comparatively  high  speed  of  the 
pneumatic-equipped  trucks,  it  is  necessary  to  equip 
them  with  brakes  having  100  per  cent  more  capacity 
than  is  the  case  with  solid-tire  trucks. 

The  question  for  decision  is  whether  or  not  the  truck 
can  be  so  equipped  and,  if  not,  whether  it  can  be  safely 
operated  on  pneumatic  tires. 

Of  no  less  moment  than  the  features  already  men- 
tioned, so  far  as  the  dependability  of  the  truck  is  con- 
cerned, is  the  question  of  the  air  supply,  since  pneu- 
matic tires  may  require  from  90  to  160  lb.  per  sq.  in. 
inflation  pressure.  As  hand  pumping  is  out  of  the  ques- 
tion, a  power-driven  pump  on  the  truck,  or  one  close  at 
hand,  becomes  a  necessity.  Relatively  few  trucks  now 
running  can  properly  accommodate  a  power  pump. 
With  a  transmission  arranged  so  as  to  permit  of  power 
take-off,  a  pump  attachment  can  be  put  on.  If  the 
transmission  is  mounted  amidships,  it  is  possible  to 
provide  a  device  to  take  power  from  the  drive-shaft. 
If,  however,  the  truck  has  its  transmission  in  a  unit 
with  its  engine,  with  no  provision  for  power  take-ofF, 
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there  appears  to  be  no  satisfactory  way  of  attaching  an 
air-pump,  since  the  magneto  and  water-pump  shaft  is 
generally  too  light  for  power  take-off.  There  is,  of 
course,  the  possibility  of  adapting  an  electrical  system 
for  this  purpose,  but  this  does  not  seem  practicable,  be- 
cause of  its  cost  and  the  fact  that  such  apparatus  is  not 
standard  practice. 

While  ttiese  mechanical  considerations  apply  particu- 
larly to  trucks  now  in  operation  on  solid  tires,  most  of 
the  same  problems  are  involved  in  changing  the  equip- 
ment on  trucks  manufactured  but  unsold.  The  buyer 
usually  looks  to  the  agent  for  advice  regarding  tires;  he 
should  therefore  satisfy  himself  that  the  agent's  counsel 
is  based  upon  positive  facts  and  endorsed  by  the  manu- 
facturer. Otherwise,  more  or  less  disappointment  and 
dissatisfaction  over  the  performance  of  the  truck  can  be 
expected  if  the  tire  equipment  is  changed  to  pneumatic 
before  delivery.  To  sum  up,  since  so  many  important 
technical  features  are  involved,  it  is  well  to  seek  the  ad- 
vice of  the  truck  builder  before  changing  equipment  from 
solid  to  pneumatic  tires.  No  one  else  knows  so  well  the 
probable  effects  on  various  parts,  nor  can  anyone  advise 
more  intelligently  as  to  the  probable  loss  or  saving  that 
such  a  move  would  entail  upon  the  mechanism  of  the 
truck. 

Let  us  next  consider  the  practical  operating  features 
that  must  be  taken  into  account  in  determining  which 
type  of  tire  equipment  will  make  the  truck  most  efficient 
in  service.  Broadly  speaking,  the  efficiency  of  a  truck 
in  performing  its  function  depends  upon  the  amount  of 
time  or  money,  or  both,  that  it  saves  for  the  shipper,  as 
compared  with  any  other  means  of  haulage.  While  it  is 
difficult  to  separate  all  the  factors  bearing  upon  these 
two  items,  they  may  be  roughly  classified  as  follows : 


Factora  Affecting  Time 

(1)  Distance  of  hauls 

(2)  Traffic  congestion 
(8)  Speed  of  delivery 

(4)  Regularity  of  delivery 

(5)  Condition  of  roads;  ef- 
fect on  speed  of  truck 

(6)  Number  of  trips  per 
day 

(7)  Time  out  for  repairs, 
etc. 


Factors  Affecting  Cost 

(1)  Amount    of    pay-load 
and  overload 

(2)  Condition  of  roads;  ef- 
fect on  tires  and  truck 

(3)  Number  of  tripe  per 
day 

(4)  Cost  of  operation 

(5)  Cost  of  upkeep 

(6)  Cost      of      substitute 
equipment 
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The  question  of  how  tire  equipment  bears  upon  these 
factors  can  only  be  answered  after  careful  analysis  of 
each  particular  case.  However,  certain  principles  can  be 
applied  to  all  cases.  To  begin  with,  from  75  to  225  per 
cent  more  must  be  paid  for  pneumatic  than  for  solid  tires. 
The  latter  figure  includes  the  cost  of  spare  tires,  which 
are  indispensable  at  the  present  stage  of  development. 
So  far  as  is  known,  there  are  no  dependable  figures  indi- 
cating the  relative  cost  per  mile  of  the  two  types,  because 
pneumatic  truck  tires  have  not  been  used  long  enough  to 
make  reliable  comparisons.  From  such  information  as 
is  obtainable,  however,  it  is  my  belief  that  it  will  cost 
from  two  to  three  times  more  per  mile  to  run  on  pneu- 
matic than  on  solid  tires.  To  offset  this  increased  cost 
•there  should  be  a  corresponding  or  greater  saving  in  one 
or  more  of  the  factors  already  enumerated,  as  affecting 
the  operating  efficiency  of  the  truck. 

How  Tires  Affect  Time  Factors 

Let  us  now  inquire  how  pneumatic  tires  may  affect 
the  time  factors,  assuming  that  the  mechanical  features 
of  the  truck  are  such  as  to  permit  of  their  use.  If  the 
truck  is  engaged  in  long-didtance  hauling  with  rela- 
tively few  stops,  pneumatic  tires  will  almost  invariably 
save  running  time,  due  to  the  fact  that  they  absorb  the 
road  shocks  so  much  more  easily  than  do  solid  tires. 
By  theoretical  tests  in  our  laboratory  we  have  found 
that,  for  a  given  load,  pneumatic  yield  over  four  times 
more  than  solid  tires.  Hence  a  truck  can  be  driven  ^over 
long  distances  at  much  higher  speeds  on  pneumatic  than 
on  solid  tires  without  fear  that  it  will  be  racked  to 
pieces.  It  should  also  be  noted  that  the  drivers'  fatigue 
in  such  cases  is  far  less  on  pneumatic  than  on  solid 
tires.  In  fact,  some  operators  have  considered  this  so 
important  that  they  have  placed  cushions  with  special 
springs  in  their  drivers'  seats. 

Up  to  the  present,  however,  very  few  trucks  as  com- 
pared with  the  total  number  in  operation,  certainly  less 
than  5  per  cent,  are  engaged  in  long-distance  hauling. 
The  great  majority*  of  trucks  operate  in  cities  where 
traffic  congestion  is  such  that  they  cannot  possibly  at- 
tain a  speed  of  over  10  m.  p.  h.,  while  their  average 
speed  is  from  5  to  8  m.  p.  h.  For  such  speeds  there  is 
no  possible  saving  in  the  list  of  time  factors  to  offset 
the  extra  cost  of  running  on  pneumatic  tires.    Moreover, 
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the  gain  will  be  still  further  reduced  by  idle  time  at 
loading  and  unloading  points.  In  many  cities  an  effort 
is  being  made  to  reduce  the  maximum  legal  speed  at 
which  trucks  may  operate  because  of  the  many  serious 
accidents  attributed  to  them.  Hence,  increase  of  driving 
speed  within  city  limits  may  be  prevented  by  ordinances 
limiting  the  speed  of  trucks.  Light  delivery  vehicles, 
running  on  pneumatic  tires,  are  sometimes  operated  at 
higher  speeds  than  are  legal,  but  these  do  not  properly 
come  within  the  "debatable  field"  and  are  not  considered 
as  dangerous  as  the  heavier  vehicles. 

In  certain  kinds  of  business  such  as  the  wholesale  de- 
livery of  milk,  gasoline,  ice,  etc.,  the  regularity  of  service 
is  the  most  important  factor.  Here  the  use  of  heavy- 
duty  pneumatic  tires  is  fraught  with  danger,  due  to  the 
possibility  of  delays  caused  by  punctures  and  poor  tire 
service.  Many  operators  in  these  and  kindred  lines  have 
said  that  it  is  more  important  to  deliver  goods  regularly 
and  on  time  than  to  save  a  few  dollars  on  truck  upkeep. 
Failure  in  this  means  loss  of  the  customer.  One  large 
truck-fleet  operator  in  this  group  uses  no  pneumatic  tires 
of  over  6-in.  section  because  solid  tires  on  some  good 
make  of  cushion  wheel  have  always  given  him  greater 
satisfaction  at  less  cost  than  have  larger  pneumatic  tires. 
Such  equipment  usually  lasts  for  more  than  2  years  with- 
out trouble. 

The  condition  of  the  road  surface  has  a  very  important 
bearing  upon  the  time  element,  for  it  has  a  direct  effect 
upon  the  truck  speed.  In  .fact,  under  certain  circum- 
stances, the  increased  traction  afforded  by  the  heavy- 
duty  pneumatic  tire  makes  it  possible  to  operate  the 
truck,  while  if  it  is  equipped  with  solid  tires  it  cannot 
be  driven  at  all.  This  is  particularly  noticeable  in  rural 
districts  where  there  are  no  hard-surfaced  roads. 

In  the  farm  lands  and  citrus  groves  of  the  South, 
where  there  is  so  much  sandy  bottom  and  so  little  sur- 
faced roadway,  it  is  practically  impossible  to  operate  a 
truck  equipped  with  solid  tires.  However,  a  truck 
equipped  with  heavy-duty  pneumatic  tires  can  operate 
practically  anywhere  and  is  not  dependent  upon  the  high- 
way for  traction.  Under  such  circumstances,  the  ability 
gained  by  the  use  of  the  pneumatic  tire  is  worth  100 
per  cent  more  than  that  of  the  solid  tire,  no  matter  what 
its  cost,  for  the  latter  is  well-nigh  useless.  It  must  not 
be  supposed,  however,  that  there  are  no  circumstances 
under  which  pneumatic  tires  will  fail  to  perform  their 
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function  unassisted  by  anti-skid  equipment.  The  need 
for  proper  tire  and  chain  clearance  in  changing  from 
solid  to  pneumatic  tires  is  again  obvious,  for,  if  due 
provision  is  not  made,  the  time  factor  may  occasionally 
be  seriously  and  adversely  affected. 

One  of  the  advantages  most  frequently  mentioned  is 
the  greater  number  of  trips  per  day  which  can  be  ob- 
tained from  a  truck  equii^>ed  with  pneumatic  tires.  So 
far  as  this  factor  alone  is  concerned,  there  is  no  doubt 
that  the  advantage  is  in  favor  of  the  pneumatic  tire. 

One  more  important  factor  affecting  the  time  element 
is  the  number  of  hours  the  truck  is  laid  up  for  repairs. 
Let  U8  consider  separately  the  time  lost  on  account  of 
tire  trouble  and  that  for  all  other  reasons.  In  compar- 
ing the  relative  amount  of  time  out  for  tire  trouble  for 
solid  and  pneumatic  tires,  the  advantage  lies  wholly  with 
the  former.  Barring  occasional  lay-ups  caused  by  de- 
fective material  or  workmanship,  solid  tires  can  be 
depended  upon  to  give  uninterrupted  service  from  the 
time  they  are  applied  to  the  time  they  have  worn  down 
to  the  renewal  point.  An  appointment  can  then  be  made 
in  advance  with  a  tire  service  station  without  seriously 
disturbing  regular  truck  service,  and  the  worn  tires  re- 
placed with  new  ones.  There  is  hardly  a  sizeable  city  in 
the  United  States  that  does  not  have  one  or  more  hy- 
draulic presses  for  this  purpose  and  well-equipped 
service  stations  with  ample  stocks  of  solid  tires.  It  is 
therefore  only  a  question  of  laying  up  the  truck  a  few 
hours  at  rare  intervals,  which  can  be  planned  so  as  to 
interfere  very  little,  if  at  all,  with  the  regular  use  of 
the  truck.  While  the  condition  of  the  roads  over  which 
the  truck  operates  influences  to  a  certain  extent  the  mile- 
age delivered  by  solid  tires,  and  hence  the  frequency  of 
lay-ups  for  renewals,  this  factor  is  far  less  impoitant 
for  solid  than  for  pneumatic  tires. 

Owing  to  the  comparative  vulnerability  of  pneumatic 
tires,  they  are  far  more  likely  to  require  time  out  for 
repairs  and  replacements.  In  the  first  place,  they  cannot 
withstand  the  same  amount  of  overloading  as  solid  tires, 
and  when  they  are  overloaded  they  are  especially  apt  to 
give  out.  Such  "failures"  usually  occur  when  the  truck 
is  in  action  and  away  from  a  service  station.  If  the 
operator  has  a  spare  tire  he  may  make  the  change  on 
the  road,  although  the  evidence  seems  to  indicate  that 
it  requires  a  skilled  mechanic  to  do  this  and  that  it  can- 
not be  done  easily  or  quickly.    Most  operators  of  trucks 
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find  it  impossible  to  change  a  tire  in  less  than  1  hr.  under 
best  conditions;  under  bad  conditions  it  requires  2  or 
8  hr.  Punctures  do  not  seem  to  be  so  frequent  or  so 
costly  in  point  of  time  as  blowouts  due  to  cutting  and 
chafing  of  side-walls  from  ruts,  as  well  as  to  under- 
inflation  and  overloading.  While  solid  tires  are  cut  and 
torn  by  ruts,  they  are  not  so  dangerously  weakened  by 
the  process,  and  they  rarely  give  out  unexpectedly.  If 
regularity  and  dependability  of  service  are  sought,  these 
will  be  far  more  likely  to  be  secured  with  solid  rather 
than  with  pneumatic  tires. 

In  comparing  the  time  out  for  causes  other  than  tire 
trouble,  we  find  a  variety  of  conflicting  claims,  although 
it  seems  to  me  the  evidence  favors  the  use  of  pneumatic 
tires.  On  the  other  hand,  some  claim  that  the  use  of 
pneumatic  tires  accelerates  the  wear  of  certain  parts  such 
as  bearings,  bushings  and  steering-knuckles  and  that 
a  correspondingly  greater  amount  of  time  is  required 
for  their  adjustment  and  renewal.  Moreover,  many  own- 
ers state  that  the  use  of  pneumatic  tires  on  trucks  causes 
their  drivers  to  overspeed  and  to  take  more  dangerous 
chances  that  result  in  accidents  and  time  out  for  other- 
wise unnecessary  repairs,  than  is  the  case  with  solid 
tires. 

How  Tires  Affect  Cost  Factors 

In  discussing  the  factors  affecting  the  time  element  I 
have  purposely  avoided  reference  to  the  cost  of  the  time, 
although  I  realize  that  these  items  all  have  a  relative 
money  value.  In  turning  to  the  factors  affecting  the 
saving  of  money,  it  will  therefore  be  necessary  to  refer 
to  that  aspect  of  some  of  the  time  features  already  men- 
tioned. Moreover,  although  the  two  are  so  closely  re- 
lated that  it  may  be  difficult  to  distinguish  between  them, 
let  us  next  consider  the  effect  of  solid  and  pneumatic 
tire  equipment  on  the  various  money  factors  involved. 

The  amount  of  work  a  truck  can  perform,  and  hence 
the  saving  or  profit  it  will  show,  depends  largely  upon 
the  amount  it  can  carry,  or  its  pay-load.  It  is  generally 
held  that  the  more  the  truck  carries,  the  more  it  earns  or 
saves.  The  result  of  this  belief  is  the  well-nigh  uni- 
versal tendency  to  overload  trucks  beyond  their  rated 
capacity.  In  fact,  many  operators  maintain  that  they 
cannot  use  trucks  profitably  unless  they  overload  them. 
I  shall  not  here  attempt  to  debate  the  wisdom  of  this 
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philosophy,  but  in  analyzing  the  problem  the  fact  must 
be  faced  that  nearly  all  operators  do  overload  their 
trucks  and  there  seems  to  be  no  simple  or  effective  way 
to  prevent  it.  It  is  not  uncommon  to  find  trucks  carry- 
ing twice  their  rated  capacity. 

When  it  comes  to  durability  under  this  usage,  there 
seems  to  be  no  doubt  that  solid  tires  wiU  not  only  carry 
heavier  overloads  but  will  last  longer  in  such  service. 
All  agree  that  the  life  of  the  heavy-duty  pneumatic  tire 
is  short  when  overloaded.  This  seems  the  most  impor- 
tant and  least  understood  factor  in  the  entire  list.  Ap- 
parent savings  may  be  offset  or  overbalanced  by  the 
additional  trips  that  become  necessary  when  an  overload 
cannot  be  carried.  The  use  of  pneumatic  tires  auto- 
matically places  a  lower  limit  upon  the  pay-load  which 
can  safely  be  hauled  under  any  conditions. 

Closely  allied  to  the  cost  of  overloading  pneumatic 
tires  is  that  of  under  inflation.  In  this  case  the  constant 
and  extreme  flexing  has  a  tendency  to  weaken  the  side- 
wall,  making  it  much  more  likely  to  fail  in  service.  It 
is  held  that  drivers  should  give  the  same  attention  to 
tires  as  they  give  to  water  in  radiators,  oil  in  engines 
or  gasoline  in  tanks.  This  is  only  another  way  of  say- 
ing that  the  driver  must  be  careful  not  to  abuse  his 
truck.  Those  who  employ  drivers  realize  how  difficult 
it  is  to  get  men  to  watch  these  details,  and  the  fewer 
such  points  requiring  the  driver's  care  and  attention 
the  more  likely  it  is  that  the  truck  will  run  continu- 
ously and  economically.  While  solid  tires  are  not  invul- 
nerable, they  are  more  nearly  fool-proof  and  less  expen- 
sive to  maintain  in  working  condition. 

In  addition  to  the  likelihood  of  incurring  expense  from 
overloading  and  underinflation,  there  is  the  danger  of 
ruining  pneumatic  tires  from  running  them  when  loaded 
or  overloaded  after  they  have  been  punctured  or  blown 
out.  It  is  not  uncommon  for  drivers  to  ruin  practically 
new  tires  by  not  stopping  trucks  as  soon  as  tire 
trouble  is*  suspected.  A  single  blowout  or  puncture  un- 
der such  circumstances  may  cost  from  $26  to  $100. 

The  condition  of  the  roads  over  which  the  truck  trav- 
els not  only  affects  the  speed  or  time  factor,  but  has  an 
important  bearing  upon  the  life  of  the  tires  and  hence 
upon  their  cost.  Pneumatic  are  subject  to  more  damage 
than  solid  tires  when  run  over  roads  with  deep  ruts 
because  of  chafing  and  cutting  of  the  side-walls. 

In  attempting  to  collect  data  as  to  mileage  on  pneu- 
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matic  tires,  many  varying  claims  and  little  information 
based  on  records  of  a  dependable  nature  were  found. 
Operators  are  apt  to  exaggerate  both  high  and  low  mile- 
ages, due  to  personal  satisfaction  or  disgust,  as  the  case 
may  be.  Most  operators  when  questioned  closely  re- 
garding averages  will  admit  that  they  have  not  used 
pneumatic  long  enough  to  obtain  reliable  figures  for  com- 
parison with  solid  truck  tires.  Hence,  none  but  general 
conclusions  are  possible  at  this  time.  The  mileages  re- 
ported, from  Maine  to  California,  varied  from  200  under 
adverse  conditions  such  as  bad  roads,  overloads,  careless 
drivers,  etc.,  to  25,000  miles  on  lighter  trucks,  over  good 
roads  and  with  proper  care.  Tires  in  city  service  usu- 
ally give  better  mileage  than  those  in  use  in  the  country. 
With  rare  exceptions  the  mileage  delivered  by  solid  is 
considerably  greater  than  that  from  pneumatic  tires  in 
the  same  class  of  service. 

Where  the  earning  capacity  of  the  truck  is  concerned, 
as  judged  by  the  number  of  trips  per  day,  the  advantage 
seems  to  lie  with  pneumatic-tire  equipment,  provided  the 
runs  are  long  enough  and  not  restricted  by  such  factors 
as  traffic  congestion  and  delays  at  terminals.  In  most 
cases  the  increased  speed  made  possible  by  pneumatic 
tires  can  be  converted  into  greater  earning  capacity,  with 
little  or  no  increase  in  overhead  expenses. 

As  before  suggested,  there  are  certain  conditions  un- 
der which  trucks  on  pneumatic  can  make  trips  when 
those  on  solid  tires  cannot  be  operated.  Hence  their 
earning  capacity  is  just  so  much  greater.  But  a  new  and 
interesting  argument  has  recently  been  advanced  on  be- 
half of  pneumatic  tires,  due  to  certain  changes  in  the 
conduct  of  the  business  of  farming.  The  ever-increasing 
use  of  gasoline  engines  for  tractors,  threshing  machines, 
etc.,  requires  the  delivery  of  gasoline  and  oils  direct  to 
the  farmers'  door  or  barn.  Oil  men  who  own  their  own 
trucks  and  work  on  a  purely  commission  basis  frequently 
find  it  necessary  to  drive  through  the  farmers'  barnyard. 
It  has  been  noted  that  trucks  having  pneumatic  not  only 
negotiate  the  unpaved  roadways  more  easily,  but  do  less 
damage  than  those  having  solid  tires,  and  hence  are 
looked  upon  with  more  favor  by  the  farmers  they  serve. 

When  considering  the  relative  effects  of  solid  and 
pneumatic  tires  on  the  cost  of  operation  and  upkeep,  a 
wide  variety  of  opinions  are  expressed  but  very  few  con- 
clusions based  upon  accurate  cost  records.  In  every  other 
kind  of  business  an  intelligent  analysis  based  on  cost 


Digitized 


by  Google 


798  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

figures  is  considered  necessary  in  arriving  at  conclu- 
sions. But  few  truck  operators  have  yet  realized  the 
value  of  such  records  as  applied  to  the  cost  of  operation 
and  maintenance  of  trucks.  Hence  the  reliable  data 
available  are  meager. 

Let  us  briefly  examine  the  items  which  should  be  in- 
cluded in  such  costs,  and  consider  how  they  are  affected 
by  solid  and  by  pneumatic  tires.  The  following  items 
are  usually  not  affected  by  tire  equipment: 

(1)  Interest  on  investment 

(2)  Insurance 

(3)  Taxes  and  license 

(4)  Garage 

(5)  Supervision 

(6)  Wages  of  driver 

(7)  Wages  of  helper 

Those  shown  below  may  vary  according  to  the  type  of 
tires  used. 

(8)  Depreciation 

(9)  Gasoline 
(iO)  Oil 

(11)  Tires 

(12)  Repairs  due  to  (a)  wear  and  (6)  accident 

Considering  these  in  the  order  given,  there  are,  so 
far  as  known,  no  dependable  figures  covering  deprecia- 
tion upon  which  to  make  comparisons  as  no  trucks  have 
been  run  long  enough  on  pneumatic  tires  to  determine 
their  effect  on  the  ultimate  life  of  the  truck.  While  there 
is  a  difference  of  opinion  among  engineers,  most  main- 
tain that  the  increased  engine  speeds  of  trucks  designed 
for  use  on  solid  but  changed  to  pneumatic  tires  will  tend 
to  wear  out  all  moving  parts  more  quickly  than  if  the 
tires  had  not  been  changed.  As  to  the  relative  consump- 
tion of  gasoline  and  oil,  very  few  reliable  figures  are 
available,  but  the  best  informed  operators  are  inclined 
to  feel  that  there  is  little  if  any  saving  in  these  items, 
particularly  on  short  hauls.  On  long  hauls,  however,  the 
advantage  seems  to  lie  in  favor  of  pneumatic  tires. 

When  it  comes  to  cost  of  tires  there  is  no  question. 
The  cost  of  pneumatic  averages  from  two  to  three  times 
that  of  solid  tires.  This  is  due  to  the  higher  initial  cost 
of  the  equipment  and  the  spare  tires,  their  greater  sus- 
ceptibility to  abuse  and  accident  and  their  lower  average 
mileage.     It  is,  of  course,  possible  to  have  pneumatic 
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tires  repaired  and  retreaded,  but  this  process  has  not 
yet  been  satisfactorily  worked  out  for  solid  tires,  at  least 
to  the  point  that  is  considered  dependable  or  econom- 
ical. The  question  of  tire  service,  however,  including  all 
these  features,  will  shortly  be  discussed.' 

Truck  Repairs 

So  far  as  the  cost  of  truck  repairs  is  concerned,  com- 
parative data  of  a  reliable  nature  cannot  be  obtained, 
for  in  most  cases  trucks  equipped  with  pneumatic  tires 
have  not  been  used  long  enough  to  make  satisfactory 
comparisons.  The  evidence  indicates,  however,  that,  ex- 
cepting the  engine,  repairs  will  cost  much  less  for  trucks 
using  pneumatic  than  for  those  using  solid  tires,  due 
to  reduced  vibration.  If  the  engine  is  not  run  at  exces- 
sively high  speeds  or  continually  overworked,  it  will 
prove  less  subject  to  damage  if  pneumatic  tires  are  used. 

Dependable  figures  cannot  yet  be  obtained  on  the  rela- 
tive cost  of  renting  substitute  vehicles  to  replace  trucks 
using  pneumatic  and  solid  tires  which  have  been  laid 
up  for  repairs.  A  superintendent  of  a  large  truck  fleet 
using  both  types  states  that  he  lays  up  solid-tired  trucks 
four  times  a  year  for  overhaul,  while  pneumatic-tired 
trucks  are  laid  up  only  three  times:  In  any  event  the 
variation  in  this  item  of  expense  will  not  be  large,  pro- 
vided the  trucks  are  carefully  inspected  and  maintained. 

Summing  up  the  factors  affecting  the  saving  of  time 
and  money,  the  conclusion  is  reached  that  no  general 
claims  in  favor  of  pneumatic-tire  equipment  on  trucks 
coming  generally  within  the  debatable  field  can  be  sub- 
stantiated, and  that  the  work  to  be  don^  by  each  specific 
installation  must  be  analyzed  carefully  before  either  type 
of  tire  can  be  safely  considered  the  more  economical. 

Having  reviewed  the  engineering  and  practical  operat- 
ing features,  let  us  now  enumerate  the  operator's  diffi- 
culties concerning  tire  service.  As  the  nature  and  extent 
of  service  for  the  maintenance  and  renewal  of  solid  tires 
are  well  known,  it  seems  unnecessary  to  comment  upon 
them  except  to  say  that  years  of  study  and  competition 
have  developed  this  end  of  the  business  to  a  remarkably 
high  degree,  so  that  many  well-equipped  service  stations 
can  be  depended  upon  for  instant  attention,  in  many 
cases  by  day  oi;  at  night,  whenever  it  is  needed. 

The  manufacture  of  heavy-duty  pneumatic  tires  of 
6-in.  section  and  larger  is,  however,  a  relatively  new  de- 
velopment.   Less  than  a  third  of  the  manufacturers  of 
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passenger-car  tires  have  actively  started  to  make  heavy- 
duty  pneumatic  truck  tires,  for  they  realize  that  the  job 
of  building  a  tire  v^hich  veill  stand  up  under  present-day 
use  and  abuse  is  not  easy.  Moreover,  the  task  is  not 
finished  v^rhen  the  tire  is  removed  from  the  heater.  It 
must  be  sold  to  the  dealer  who,  in  turn,  must  not  only 
guarantee  the  tire,  but  must  place  himself  in  a  position 
to  give  the  truck  operator  service.  This  means  that  he 
must  install  a  high-pressure  air-pump,  repair  material, 
molds  for  vulcanizing  and  in  most  cases  a  service  car 
for  emergency  calls,  for  it  must  be  remembered  that 
the  pneumatic  tire  is  apt  to  fail  when  distant  from  its 
base  and  it  cannot  be  driven  home  flat.  Broadly  speak- 
ing, to  give  service  means  doing  whatever. is  necessary 
to  keep  tires  in  fit  running  condition.  Specifically,  it 
may  be  divided  into  three  divisions:  (a)  inflation;  (h) 
changes  and  renewals,  including  adjustments,  and  (c) 
repairs. 

It  can  be  said  without  fear  of  contradiction  that  the 
tire  companies  themselves  are  not  as  yet  prepared  to 
give  really  efficient  service  in  all  parts  of  the  country. 
In  fact,  even  in  the  principal  cities  this  phase  of  the  busi- 
ness has  not  been  fully  developed.  In  the  smaller  towns 
there  are  almost  no  air-tanks  or  pumps  to  keep  tires 
properly  inflated.  Pumps  on  trucks  themselves  are  re- 
ported as  not  always  dependable,  sometimes  requiring: 
from  15  to  30  min.  to  secure  the  desired  tire-Inflation 
pressure.  Some  truck  operators  have  ventured  to  use 
pneumatic  tires  even  though  they  have  no  pump  equip- 
ment. One  such  operator  uses  a  hand  pump  to  put  in 
60  to  70  lb.  per  sq.  in.  air  pressure.  This  allows  the 
truck  to  be  driven  slowly  to  the  nearest  power  pump 
with  sufficient  capacity  to  get  the  necessary  pressure. 
A  second,  who  has  no  air-pump  on  his  truck,  says  he  can- 
not afford  to  carry  spare  tires  because  they  use  too 
much  space.  If  caught  on  a  long  country  trip,  he  waits 
until  a  service  car  arrives  and  provides  proper  tire  infla- 
tion. Another  operator  who  has  a  large  truck  fleet 
equipped  with  pneumatic  tires  keeps  a  light  service  car 
continuously  busy  carrying  tires  or  compressed  air  to 
trucks  experiencing  tire  trouble.  A  fourth  encountered 
trouble  with  his  demountable  tire  equipment  which  he 
had  for  a  long  time  carried  under  heavx.  inflation.  It 
had  then  become  smaller  in  inside  diameter  and  could 
not  be  put  upon  the  rim.  The  need  for  rust-proofing  rim 
parts  to  facilitate  changing  has  been  pointed  out  to  the 
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tire  manufacturers.  It  has  also  been  suggested  that  if 
possible  the  tires  should  be  made  lighter  in  weight  as 
the  larger  sizes  are  very  difficult  and  awkward  to  handle. 

Tire  Repairs 

By  far  the  most  serious  and  difficult  phase  of  giving 
service  with  heavy-duty  pneumatic  tires,  and  that  which 
causes  the  most  concern  to  truck  operators,  is  connected 
with  their  repair.  In  fact,  the  chief  complaint  in  regard 
to  pneumatic  truck  tires,  aside  from  their  high  initial 
cost,  is  that  they  are  subject  to  injuries,  cuts  and  dam- 
Age*  generally  of  such  a  nature  that  they  cannot  be  re- 
paired except  at  the  factory  where  they  were  made  or, 
in  a  few  cities,  at  a  factory  branch ;  often  they  are  dam- 
aged beyond  repair.  This  is  not  only  expensive  but 
frequently  necessitates  the  purchase  of  more  than  one 
set  of  spare  tires  should  the  first  set  be  injured  while 
the  others  are  being  repaired.  A  tire  of  7-in.  section  or 
larger,  if  run  flat,  is  likely  to  be  ruined  beyond  repair. 
In  more  than  a  dozen  cities  operators  have  said  that  the 
principal  cost  of  punctures  or  blowouts  is  caused  by  the 
necessity  of  laying  up  trucks  awaiting  new  tires  due  to 
stock  shortage,  or  on  account  of  sending  the  damaged 
tires  to  the  nearest  factory  branch  for  repair.  While 
repair-mold  equipment  has  been  ordered  for  large-sec- 
tion tires,  the  heavy  demand  on  the  part  of  the  tire  fac- 
tories for  new  molds  of  all  sizes  and  the  difficulty  of 
producing  them  has  made  deliveries  very  slow. 

In  nearly  every  city  the  large  tubes  can  be  repaired 
locally,  but  the  casings  have  to  be  shipped  away,  the 
truck  operator  paying  either  freight  or  express  charges 
in  both  directions.  Moreover,  it  is  frequently  reported 
that  repaired  casings  deliver  but  small  mileage  due  to 
the  over-cure  of  the  joined  portions.  This  danger  is 
more  difficult  to  overcome  in  large-section  tires,  due  to 
the  longer  cure  required  to  vulcanize  the  interior  por- 
tions of  the  new  part  of  the  casing.  No  doubt  this  fea- 
ture will  ultimately  be  corrected.  The  tread  seems  to 
give  less  trouble  than  the  side-walls,  which  are  more 
susceptible  to  rut  wear  and  overloading  abuse. 

Because  so  few  service  stations  are  as  yet  equipped 
to  handle  repairs  on  heavy-duty  tires,  dependable  cost 
figures  are  not  at  present  available.  In  fact,  where 
stocks  are  available  "adjustment"  exchanges  have  usu- 
ally been  made  instead  of  repairs.  Of  all  the  causes  of 
dissatisfaction  reported  for  changing  back  to  solid  after 
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using  pneumatic  tires,  the  most  numerous  have  been 
those  brought  about  by  the  delays  and  expense  incident 
to  their  repair,  including  additional  spare-tire  cost  and 
truck  hire  while  waiting  for  the  return  of  the  damaged 
tires.  Such  disadvantages  are  inevitable  in  a  new  devel- 
opment such  as  the  one  under  discussion  but,  so  far  as  ; 
imperfect  service  features  are  concerned,  they  are  beinff 
overcome  as  rapidly  as  possible.  In  the  meantime,  truck 
engineers,  salesmen  and  operators  should  not  condemn 
the  movement  toward  the  use  of  pneumatic  tires,  for 
undoubtedly  it  will  be  the  means  of  increasing  the  scope 
of  usefulness  of  motor  transportation. 

Having  thus  reviewed  the  advantages  claimed  for 
pneumatic  tires  on  trucks  in  the  debatable  field  and  hav- 
ing specified  some  of  their  relative  disadvantages,  I  can 
say  that,  in  my  judgment,  the  question  is  too  new  to  be  I 

decided  theoretically  or  from  such  meager  records  as  are  | 

now  available. 

Specific  CoNsiDBaiATiONS 

What  general  conclusions  will  guide  the  operator  in 
the  selection  of  the  most  satisfactory  and  economical 
equipment  for  his  particular  installation?  So  far  as  I 
know  none  have  been  formulated  and  given  publicity. 
In  this  connection,  however,  I  suggest  that,  in  the  pres- 
ent state  of  development,  the  field  for  each  type  of  tire 
may  be  separated  into  three  classifications,  within  one 
of  which  the  operator  can  reasonably  locate  his  require- 
ments and  decide  upon  his  equipment.  These  three 
groups  are 

(1)  The  imperative  field 

(2)  The  economic  field 

(3)  The  optional  field 

The  factors  that  would  bring  a  truck  within  the  first 
classification  for  solid  tires  are  (a)  If  it  travels  over 
pavements  not  necessarily  good,  but  having  a  reasonably 
hard  road  surface  to  provide  traction;  (6)  if  the  deliv- 
ery must  positively  reach  its  destination  without  fail*  at 
a  promised  time;  (c)  if  the  delivery  must  be  made  regu- 
larly on  a  given  schedule  in  which  the  regularity  is  a 
more  important  factor  than  either  speed  or  cost  of  deliv- 
ery, and  (d)  if  it  carries  heavy  loads  with  frequent  over- 
loads beyond  the  rated  capacity  of  the  tires. 

Similarly  the  factors  that  would  bring  a  truck  within 
the  imperative  field  for  pneumatic  tires  are  some  corn- 
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bination  of  the  following:  (a)  If  it  travels  over  sur- 
faces on  which  traction  cannot  be  obtained  by  solid  tires, 
and  when  the  need  for  traction  is  such  as  to  outweigh 
the  item  of  cost;  (6)  if  the  need  for  speed  of  delivery  is 
more  important  than  its  cost,  and  (c)  if  the  merchandise 
carried  is  so  perishable  or  fragile  that  it  must  be  pro- 
tected from  road  shocks,  even  at  high  cost. 

The  factors  that  would  bring  a  truck  within  the  eco- 
nomic field  for  solid  tires  are  (a)  Short  hauls  in  cities 
where  speed  is  relatively  unimportant,  (6)  heavy  loads 
with  a  tendency  to  overload,  (c)  traffic  congestion  which 
reduces  average  speed,  (d)  loading  and  unloading  delays 
and  (c)  need  for  low  delivery  cost. 

Similarly  the  factors  that  would  bring  a  truck  within 
the  economic  field  for  pneumatic  tires  are  (a)  Road  con- 
ditions which  will  not  prematurely  destroy  the  tires, 
(&)  long  hauls,  (c)  high  average  speed,  (d)  relatively 
light  loads  with  no  overloads,  (e)  good  tire-service  con- 
ditions and  (/)  low  cost  subordinated  to  quick  service. 

In  analyzing  the  economic  field,  the  operator  must  first 
decide  whether  or  not  he  can  avail  himself  of  the  poten- 
tial speed  pneumatic  tires  would  give.  This,  of  coiirse, 
includes  possible  delays  due  to  tire  trouble  as  a  re- 
sult of  bad  road  conditions  and  provided  the  local 
tire-service  conditions  cannot  be  depended  upon.  Next, 
the  features  of  his  service  provided  by  pneumatic  tires 
must  justify  their  extra  cost. 

The  distinction  between  the  economic  and  the  optional 
fields  is  difficult  to  make.  In  fact,  the  decision  as  to 
which  is  the  better  equipment  may  be  purely  a  matter 
of  personal  opinion,  without  strong  factors  on  either 
side.    Hence  I  shall  not  attempt  to  define  them. 

One  of  the  most  interesting  and  significant  develop- 
ments which  I  have  noticed  is  the  growing  tendency 
among  truck  operators  to  use  pneumatic  tires  on  front 
wheels  where  the  need  for  protection  from  vibration  is 
the  greatest  and  solid  tires  on  the  rear  to  carry  the  bur- 
den of  the  load.  This  practice  has  much  to  commend  it, 
and  should  steadily  grow  in  favor.  Another  tendency  is 
toward  the  use  of  some  t3npe  of  cushion  or  non-rigid 
wheel  which,  although  equipped  with  solid  tires,  provides 
extra  resilience  through  their  peculiar  construction. 
There  seems  to  be  a  very  large  field  in  which  such  wheels 
can  be  used  both  economically  and  advantageously  from 
the  standpoint  of  improved  service. 

Designing  engineers  should  study  to  develop  cushion- 
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ing  effects  that  may  be  possible  through  other  means 
than  tires,  such  as  cushion  wheels,  improved  springs, 
shock-absorbers  and  the  like.  While  no  mechanical  de- 
vice is  so  resilient  as  air,  much  progress  must  be  made 
before  the  difficulties  are  overcome  of  making  air  serve 
acceptably  in  puncture  and  fool-proof  rubber  tires,  al- 
though the  industry  is  making  notable  improvement  in 
this  direction.  Finally,  all  truck  operators  should  keep 
account  of  costs,  so  that  intelligent  comparisons  can  be 
made.  In  my  judgment,  the  easiest  and  most  effective 
way  to  do  this  so  that  all  records  may  be  readily  com- 
parable, is  to  use  the  National  Standard  Truck-Cost  Sys- 
tem. Thus,  if  they  select  tire  equipment  after  a  careful 
analysis  of  the  .peculiar  conditions  surrounding  their 
problems  and  keep  careful  and  accurate  records  of  ope- 
rating costs,  they  can  reasonably  expect  to  eliminate 
many  of  the  annoying  uncertainties  of  their  delivery 
systems  and  place  their  tire  installations  upon  a  really 
scientific  basis.  [The  discussion  of  this  paper  is  printed 
on  pfige  728.] 
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ADDRESSES  AT  AKRON  DINNER 

In  connection  with  the  joint  meeting  of  the  Cleveland 
and  Detroit  Sections  which  was  held  at  Akron,  Ohio, 
the  members  attending  were  given  a  dinner  by  the  Good- 
year Tire  &  Rubber  Co.  in  its  general  office  building.  P. 
W.  Litchfield  and  F.  A.  Seiberling,  vice-president  and 
factory  manager,  and  president  respectively  of  the  com- 
pany, made  addresses. 

ADDRESS  OF  P  W  LITCHFIELD 

The  progress  of  civilization  in  any  country  is  depend- 
ent upon  its  religion,  education,  form  of  government, 
natural  resources  and  transportation  systems.  The  trans- 
portation systems  of  a  country  have  a  very  important 
part  in  broadening  the  education  of  the  country,  and  also 
in  developing  its  natural  resources.  As  an  illustration 
of  that  I  will  briefly  review  the  history  of  the  rise  and 
fall  of  nations  as  a  corollary  to  their  transportation 
systems. 

The  first  transportation  was  by  walking.  Man  never 
traveled  very  far  then  and  each  little  group  was  almost 
isolated  from  other  groups.  Then  came  transportation 
by  domestic  animals,  bringing  forward  Egypt,  Babylonia 
and  Persia.  The  new  transportation  aboard  boats 
brought  Greece  to  the  front,  and  larger  boats  advanced 
Rome,  which  was  the  first  nation  to  start  inland  again 
by  building  good  roads,  making  transportation  by  do- 
mestic animals  more  efifeient  Then  followed  the  sailing 
ship.  Those  who  first  took  advantage  of  that  became  the 
leading  nations.  The  cities  of  Genoa  and  Venice  had  then 
the  largest  sailing  ships  in  transportation  outside  of 
inland  waterways,  such  as  the  Mediterranean  and  Red 
Sea.  Trai\Bportation  over  the  ocean  made  England  and 
Spain  conspicuous  as  world  powers,  and  they  so  remained 
until  the  beginning  of  the  nineteenth  century,  when  the 
steam  engine  was  invented.  This  brought  forward  coun- 
tries which  did  not  have  so  large  a  sea-coast  but  more 
internal  territory  to  develop,  such  as  our  own  country. 
Affairs  so  remained  until  our  day,  when  the  development 
of  the  internal-combustion  engine  and  the  pneumatic  tire 
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made  possible  the  automobile,  now  the  form  of  trans- 
portation that  has  partly  taken  the  lead. 

I  will  first  mention  the  relative  merits  of  the  solid  and 
the  pneumatic  tire  on  motor  vehicles.  First  we  had  the 
bicycle  with  a  steel  tire;  then  with  a  solid  and  then  with  a 
pneumatic  tire.  People  said  that  the  pneumatic  tire  would 
not  do  because  it  punctured  and  because  it  cost  more. 
That,  however,  was  no  reason  why  the  bicycle  should 
continue  on  solid  tires.  Pneumatic  tires  gave  the  bicycle 
a  greater  usefulness  that  alone  was  sufficient  for  the 
change.  The  carriage  followed.  The  development  of  the 
pneumatic  tire  practically  eliminated  the  horse,  on  ac- 
count of  the  speed  of  transportation  by  the  passenger 
automobile.  Today,  many  more  passengers  per  mile  are 
carried  by  automobiles  than  by  rail  transportation. 

The  transportation  of  merchandise  did  not  follow  rap- 
idly the  transportation  of  passengers.  When  it  did  fol- 
low, trucks  were  equipped  with  solid  tires.  In  spite  of 
the  fact  that  every  other  vehicle  had  changed  from  solid 
to  pneumatic  tires,  after  a  very  short  period,  there 
seemed  to  be  a  general  impression  that  while  this  was 
true  of  almost  everything  else,  it  did  not  apply  to  the 
truck.  Many  people  contended  that  the  truck  was  the 
logical  field  for  the  solid  tire  and  that  the  pneumatic  tire 
had  no  place  there.  It  is  possible,  in  fact  probable,  that 
the  reason  the  solid  tire  maintained  such  headway  on  the 
truck  is  that  the  pneumatic-tire  development  did  not  keep 
pace  with  the  development  of  the  truck.  We  now  know 
that  with  the  introduction  of  cord  instead  of  fabric  in 
tire  construction,  the  limit  of  successful  pneumatic  tires 
must  not  be  loads  carried  by  the  ordinary  4V^-in.  touring- 
car  tire,  but  increase  up  to  12-in.  and  probably  larger 
sizes. 

So  long  as  the  automobile  was  developed  only  to  the 
extent  of  replacing  the  horse-drawn  carriage,  the  auto- 
mobile industry  did  not  grow  beyond  that  volume.  As 
the  automobile  was  developed  further  and  further,  it 
became  so  efficient  that  it  created  for  itself  a  need  and 
established  an  industry  many  times  larger  than  that 
which  it  was  designed  to  replace.  This  was  accomplished 
by  the  pneumatic  tire. 

The  truck  industry  is  in  exactly  the  same  position  as 
the  passenger  car  was.  It  is  at  present  equipped  with 
solid  tires.  Practically,  it  has  only  replaced  the  horse- 
drawn  truck,  but  the  efficiency  of  the  truck  when  prop- 
erly designed  for  and  equipped  with  pneumatic  tires  will 
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increase  its  field  of  usefulness  in  transportation  of  mer- 
chandise in  the  same  proportion  that  the  passenger  auto- 
mobile increased  traffic  volume  over  that  of  the  carriage 
which  it  replaced. 

The  Obsolescent  City  Street  Car 

I  shall  now  discuss  the  problem  of  street  railway  trans- 
portation. My  first  lesson  in  physics  was  that  two  bodies 
cannot  occupy  the  same  space  at  the  same  time.  You 
have  only  to  go  into  any  crowded  city  to  see  what  is 
happening  to  the  city  transportation  system  when  the 
automobile  and  the  street  car  try  to  occupy  the  same  space 
at  the  same  time.  One  or  the  other  must  go.  It  was  a 
practical  thing,  when  the  streets  were  not  crowded,  to 
place  two  rails  along  the  center  of  the  street  and  trans- 
port the  bulk  of  the  people  in  cars  run  on  those  rails. 
The  speed  was  good  and  the  cars  interfered  with  nothing 
in  particular.  But  with  the  advent  of  the  automobile  we 
find  a  very  different  situation.  The  streets  are  now 
crowded,  and  this  condition  will  get  steadily  worse  and 
cannot  be  made  better  so  long  as  both  forms  of  trans- 
portation try  to  occupy  them.  It  is  really  ridiculous  that 
one  person,  in  a  crowded  thoroughfare  occupied  by  thou- 
sands hurrying  from  one  place  to  get  to  another,  can  step 
out  of  a  street  car  into  the  middle  of  the  street  and  stop 
everything  for  two  or  three  blocks  while  he  walks  through 
the  intervening  space  to  get  to  the  sidewalk.  It  is  not 
the  number  of  vehicles  that  can  get  through  a  street 
abreast,  it  is  the  time  that  those  vehicles  are  occupying 
that  street.  If  trafik;  can  be  kept  in  motion  instead  of 
being  continually  stopped,  the  same  amount  of  people  and 
the  same  number  of  vehicles  can  go  through  that  street 
in  a  third  of  the  time,  or,  three  times  as  many  vehicles 
can  go  through  it  in  the  same  time.  Therefore,  it  will  be 
necessary  in  the  future  to  provide  a  transportation  sys- 
tem in  which  the  only  vehicle  that  stops  is  the  one  that 
wants  to  stop,  while  everything  else  goes  on,  and  that 
vehicle  must  stop  at  the  curb. 

It  is  quite  evident  that  it  is  the  street  car  that  must 
go.  Cities  cannot  afford  to  widen  their  streets  indis- 
criminately or  put  in  more  streets ;  there  is  too  much  fixed 
investment.  What  they  must  do  is  to  eliminate  one  form 
of  transportation  by  giving  another  the  right-of-way  on 
the  streets.  I  do  not  know  how  long  it  will  take  us  to 
learn  this  lesson,  but  it  must  be  learned.     It  is  being 
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narrow  and  crooked,  yet  they  are  carrying  more  trans- 
portation than  any  streets  in  any  of  our  own  cities,  be- 
cause they  realize  that  there  must  be  no  rails  in  the 
streets  and  because  traflk  is  continually  moving.  There 
are  no  hold-ups,  no  vehicles  stop  except  the  vehicle  which 
it  is  desired  to  stop,  and  it  stops  at  the  curb.  Their  ever- 
increasing  suburban  population  is  cared  for  by  placing 
their  street  cars  underground,  so  that  practically  the  only 
people  who  use  street-car  transportation  are  those  who 
come  from  long  distances.  The  minute  these  cars  come 
into  a  congested  district  they  are  put  underground  where 
they  can  proceed  without  interruption  and  thus  permit 
the  trafl5c  on  the  streets  to  proceed  without  interruption. 
That  is  the  principal  reason  we  can  say  that,  by  the  law 
of  the  survival  of  the  fittest,  the  automobile  must  of 
necessity  drive  the  street  car  off  the  streets  and  that 
motor-driven  vehicles  must  be  provided  to  take  its  place. 

Almost  all  growing  cities  are  hampered  in  their  de- 
velopment because  the  street-car  systems  have  to  make 
expensive  extensions  involving  large  outlays  of  capital  to 
reach  out  and  care  for  the  outlying  districts.  Population 
is  concentrated  and  the  natural  expansion  of  the  city  is 
prevented,  resulting  in  extremely  high  rentals  in  the 
center  of  the  city  and  relatively  cheap  land  just  a  short 
distance  outside.  Street-railway  systems  have  reached 
the  point  where  they  cannot  compete  successfully  with 
the  automobile,  to  the  extent  of  making  their  extensions 
and  getting  franchises  which  enable  them  to  operate  at 
a  profit.  The  result  is  that  there  is  practically  no  exten- 
sion of  street-car  lines.  If  they  raise  their  fares  they 
become  less  and  less  competitors  of  the  automobile,  be- 
cause the  automobile  jthen  more  keenly  cuts  into  their 
traffic.  They  are  not  measuring  up  to  the  needs  of  the 
cities  and  I  venture  to  make  the  prediction  that  never 
again  will  street-car  companies  be  able  to  operate  at  a 
profit  and  give  satisfactory  service  on  crowded  streets  in 
thriving  communities. 

We  formerly  heard  about  the  efficiency  of  rail  trans- 
portation. We  had  single-track  lines  and  then,  as  more 
traffic  came  upon  them,  the  speed  was  reduced  and  they 
became  inefficient  because  one  car  could  not  pass  another 
coming  in  the  opposite  direction.  One  car  had  to  go 
off  to  one  side  and  wait  while  another  came  down  the  line. 
Then,  as  congestion  became  greater,  they  put  in  two 
tracks  so  that  cars  could  pass  without  interfering  with 
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one  another.  As  more  and  more  traffic  went  over  the 
streets,  when  one  car  wanted  to  stop  it  did  not  stop  the 
cars  coming  from  the  other  direction,  but  it  did  stop 
the  cars  coming  behind  it.  That  is  the  condition  we  find 
today.  Now  that  traffic  is  so  much  more  congested,  we 
must  see  to  it  that  a  vehicle  does  not  stop  a  vehicle  com- 
ing in  either  direction.  In  other  words,  we  have  to  get 
away  from  line  transportation  and  take  advantage  of  the 
whole  surface.  That  means  the  motor  truck ;  and  nothing 
can  stop  the  transition  to  this  from  the  two-rail  street- 
car traffic  on  the  street,  because  every  economic  need  of 
the  city  demands  it,  and  the  service  which  must  be  given 
can  be  given  only  by  the  motor-driven  vehicle.  The 
street  car  still  has  one  advantage  over  the  ordinary  form 
of  automobile  for  this  service,  and  that  is  its  size.  With 
a  smaller  number  of  people  in  the  vehicle  the  operating 
expense  of  a  driver  and  conductor  is,  of  course,  greater 
per  person.  The  problem  which  engineers  must  work 
out  to  accomplish  the  introduction  of  the  motor  bus  on 
the  streets  is  to  design  passenger-carrying  vehicles  of 
larger  capacity  than  those  which  are  now  common. 

I  think  it  would  even  pay  in  many  cities  if  the  street- 
car companies  themselves  would  take  their  cars  off  the 
streets  and  substitute  motor  buses,  still  using  their  organ- 
ization and  terminal  facilities.  They  would  be  able  to 
make  extensions  and  get  the  traffic  which  is  now  going  to 
the  automobile.  In  many  cases  their  power  equipments 
are  now  inadequate.  They  could  well  utilize  all  the 
power  they  are  making  for  the  necessary  extensions  of 
light  and  power  for  the  community  to  take  up  all  the 
surplus  which  they  would  have  when  the  street  cars  are 
taken  off. 

In  regard  to  interurban  traffic,  what  advantage  has 
the  motor  bus  over  the  street  car?  Naturally,  so  far  as 
speed  and  congestion  are  concerned,  the  same  crying 
need  of  a  change  does  not  apply.  But  there  again  we 
have  the  necessity  of  going  to  a  large  capital  expenditure 
for  roadbeds  and  tracks,  and  it  is  difficult  to  see  how  that 
money  can  be  raised,  and  how  it  is  justified  by  the  rela- 
tively small  amount  of  passenger  service.  The  result  is 
that  in  many  cases  they  do  not  expand  and,  because  there 
is  no  adequate  transportation,  part  of  the  country  is  not 
built  up  anywhere  near  as  fast  as  it  would  have  been  had 
there  been  a  transportation  system  for  it.  The  motor 
vehicle  can  accomplish  this.  It  can  go  outside  the  city; 
it  does  not  need  a  perfect  roadbed;  it  can  operate  over 
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many  roads  as  they  now  exist,  while  the  street  car  can- 
not. Automobiles  can  go  out  and  pick  up  the  traffic  at  a 
profit.  When  they  begin  running  over  the  line  and  trans- 
portation is  established,  more  people  go  to  live  along  it 
because  they  have  some  means  of  getting  back  and  forth. 
The  business  builds  up  by  taking  the  population  to  the 
places  where  the  motor  truck  first  went.  There  is  first 
no  need  of  transportation,  because  there  are  no  people; 
but  the  motor  bus  goes  out  and  supplies  transportation, 
and  people  follow.  That  creates  the  demand  and  the 
volume  of  business  which  makes  an  ever-increasing  num- 
ber of  motor  buses  necessary.  As  more  and  more  people 
go  out,  and  become  more  and  more  scattered,  longer  hauls 
and  more  and  more  transportation  are  required,  not  only 
to  take  people  back  and  forth  but  to  get  their  supplies 
to  them. 

We  often  hear  that  the  cost  of  transportation  is  much 
higher  outside  than  it  is  inside  a  city.  Teople  talk  about 
the  five-cent  fare  in  the  city  and  add  ten,  fifteen  or 
twenty  cents  to  go  outside  on  the  motor  bus,  but  they  do 
not  stop  to  realize  that  it  is  because  the  street  cars  and 
the  transportation  are  good  only  in  the  city  that  rents  are 
very  high,  and  the  cost  of  living  is  on  that  account  very 
high  in  the  city.  The  extra  cost  of  fifteen. or  twenty 
cents  which  they  pay  for  transportation  by  a  motor  bus, 
is  more  than  equalized  by  the  better  living  conditions 
obtained  for  lower  rents  when  they  go  out  further.  While 
they  are  actually  paying  more  for  transportation,  they 
are  more  than  saving  it  somewhere  else. 

The  Pneumatic-Tired  Truck 

As  to  the  possibilities  of  the  pneumatic-tired  truck 
for  combined  railroad  and  truck  haulage,  and  of  the  long- 
distance truck  to  replace  trafiAc  now  handled  entirely  by 
the  railroads,  I  think  that  it  is  along  these  lines  that 
the  greatest  future  for  the  motor  truck  lies.  This  is 
possibly  not  because  it  will  mean  so  many  more  trucks 
in  numbers,  but  because  the  volume  of  the  truck  business 
depends  upon  tons  per  mile  carried.  Larger  loads  and 
the  longer  distances  make  possible  an  enormous  increase 
in  the  volume  of  the  motor  truck  business.  The  use  of 
the  motor  truck  for  such  service  as  this  is  limited  to  very 
narrow  fields  when  we  use  solid  tires,  because  we  cannot 
get  the  speed  or  the  carrying  capacity  that  we  can  get 
with  pneumatic  tires.    To  take  care  of  this  service  suc- 
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cessfuUy,  we  must  use  much  larger  units.  We  have  used 
the  3  and  5-ton  truck,  and  are  now  in  the  stage  where  we 
are  rapidly  changing  over  to  pneumatic  equipment  on 
3-ton  sizes.  What  shall  we  do  when  we  go  above  this? 
It  was  largely  to  find  out  what  to  do  that  we  started  the 
Akron-to-Boston  Express,  somewhat  in  advance  of  its 
economic  practicability,  to  try  to  overshoot  thje  mark 
rather  than  to  grow  up  by  easy  stages ;  to  find  out  quickly 
by  actual  experience  what  the  weaknesses  were,  and  how 
to  overcome  them.  We  learned  several  things.  Inci- 
dentally we  found  it  one  of  the  best  tire-testing  experi- 
ments we  ever  made.  We  learned  also  that  while  it  is 
not  particularly  difficult  to  make  12,  possibly  15,  perhaps 
20-ln.  tires,  it  is  probably  questionable  whether  they  are 
the  tires  to  make  for  this  kind  of  service.  There  is  a 
certain  limit  to  the  outside  diameter  of  a  tire  with  refer- 
ence to  its  cross-section.  We  began  to  find  out  when  we 
got  up  to  10  and  12-ton. trucks  that  we  might  possibly 
have  to  load  them  from  second-story  windows,  because 
the  center  of  gravity  and  the  truck  body  were  so  high 
that  we  could  not  keep  down  to  proper  proportions  for 
ordinary  service.  So  we  figured  on  what  to  do  to  offset 
that  condition ;  to  keep  the  center  of  gravity  and  the 
truck  body  lower.  It  seemed  logical  that  the  only  thing 
'  to  be  done  was  to  use  multiple  wheels. 

It  is  just  as  foolish  to  try  insistently  to  increase  carry- 
ing capacity  on  four  wheels  in  an  automobile,  as  it  is  to 
attempt  to  do  so  on  a  railroad  coach.  The  little  four- 
wheel  railroad  cars  in  Europe  have  practically  never 
gone  above  10  tons'  capacity,  while  by  multiplying  the 
number  of  wheels  we  build  our  own  freight  cars  up  to  50 
tons'  capacity.  The  same  thing  is  true  for  the  motor 
truck.  I  think  we  will  find  that  the  solution  of  the 
problem  of  the  practical  pneumatic-tired  truck  above  3 
tons  is  to  use  multiple  wheels,  that  is  more  than  four, 
say  six  wheels.  We  finally  had  to  experiment  and  build 
trucks  ourselves.  We  are  quite  satisfied  that  the  truck 
must  be  on  tandem  wheels  and  not  on  twin  tires  on  the 
same  wheel.  The  riding  quality  and  carrying  conditions 
will  be  better;  and  we  will  get  better  traction.  By  put- 
ting the  extra  wheels  underneath  the  rear  end  of  the 
truck  body,  we  can  avoid  that  damage  to  tires  which  we 
get  with  large  single  tires,  because  the  tires  are  twisted 
and  distorted  with  a  big  body  overhang.  We  also  get 
additional  traction  with  a  four-wheel  drive.  While  the 
particular  design  or  method  may  vary,  we  wish  to  express 
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the  belief  that  the  motor  truck  with  multiple  wheels  is 
the  thing  with  which  to  accomplish  the  building  of  the 
larger  vehicle,  to  replace  street  cars  in  the  cities  and  for 
long-distance  hauling  to  replace  freight  cars. 

The  average  mileage  limit  of  a  freight  car  is  something 
like  20  per  day.  That  is  because,  when  one  freight  car 
is  loaded,  it  cannot  move;  it  stands  around  and  is  shoved 
around  waiting  for  another.  When  those  two  get  to- 
gether, they  have  to  wait  for  another.  The  service  is  very 
slow  and  not  economical.  By  the  introduction  of  motor 
service  by  truck,  the  unit  is  due  to  move  when  the  load 
is  ready  to  move;  it  then  goes  to  its  destination.  The 
same  principle  that  applies  to  city  traffic,  of  everything 
being  congested  and  one  car  stopping  everything  else,  is 
what  we  have  in  freight  service  today.  Each  car  is 
dependent  on  many  others  and  cannot  move  until  all 
are  ready.  The  motor  truck  in  that  respect  will  give 
service,  because  each  truck  moves  when  it  is  ready  and  is 
not  stopped  or  handicapped  by  the  action  of  any  others. 
We  have  seen  the  great  part  played  by  the  motor  truck  in 
transport  during  the  war.  It  would  have  been  almost 
impossible  to  supply  properly  the  armies  at  the  front 
by  the  railroad  systems,  and  it  was  the  availability  and 
the  quick  multiplication  of  service  by  motor  truck  which 
accomplished  the  desired  result  of  keeping  the  Allied 
armies  supplied  as  they  advanced. 

Canada,  South  America  and  the  Orient 

Looking  toward  reconstruction,  we  know  that  the  rail- 
road systems  of  Europe  are  a  network  and  that  in 
the  most  sparsely-populated  countries.  South  America, 
Canada  and  the  Orient,  there  are  no  railroads.  These 
countries  have  great  natural  resources.  The  European 
countries  have  very  limited  natural  resources,  based  upon 
their  population.  The  first-mentioned  countries  have  been 
held  back  for  years  because  they  could  not  secure  the 
capital  necessary  to  put  in  railroads,  on  account  of  their 
sparser  population.  We  know  that,  having  roads  and 
automobiles,  it  is  not  necessary  to  go  to  large  capital 
outlay  to  provide  transportation,  and  these  newer  coun- 
tries will  be  very  greatly  benefited  by  the  development  of 
the  automobile  for  passenger  and  freight  carrying,  for 
they  can  thus  acquire  the  means  of  transportation.  Ck)m- 
bined  with  their  natural  resources,  those  countries  have 
a  distinct  advantage  over  the  Eurq[>ean  countries.    They 
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have  built  up  and  supported  the  European  countries 
because  Europe's  transportation  systems  were  so  far  ad- 
vanced that  it  could  manufacture  and  ship  more  econom- 
ically than  those  countries  which  actually  had  the  nat- 
ural resources  and  the  raw  materials.  The  result  was 
that  the  raw  materials  went  to  Europe  and  came  back  in 
the  form  of  finished  product.  Now  the  sparsely  settled 
countries  are  better  able,  through  the  automobile,  to  take 
care  of  their  own  finished  products;  and  they  will  develop 
rapidly. 

The  introduction  of  the  automobile  truck  and  passenger 
car  has  reduced  to  a  very  large  extent  the  values  of  the 
railroads.  Their  values  were  a  combination  of  the  cost 
of  construction  of  their  facilities,  plus  a  franchise  value 
given  them  because  they  had  no  competition.  The  intro- 
duction of  the  automobile,  giving  them  real  competition 
and  substituting  for  their  form  of  transportation  a  better 
one,  has  depreciated  those  franchise  values.  That  is  one 
of  the  reasons  for  the  difficulty  of  further  railroad  financ- 
ing, and  why  it  will  be  easier  to  finance  advances  in  auto- 
mobile transportation.  The  peoples  of  Europe  will  find 
this  fundamental  condition  to  mean  that  they  cannot  go 
back  where  they  were  before,  to  their  previous  position  of 
influence,  because  it  will  be  taken  from  them  by  the  newer 
countries  on  account  of  their  ability  to  provide  for  them- 
selves an  adequate  transportation  system,  which  they 
could  not  do  before.  The  tropical  countries,  for  instance, 
where  the  population  is  largest  and  the  natural  resources 
greatest,  have  this  chance,  combined  with  the  advantage 
they  have  recently  gained  by  the  elimination  of  tropical 
diseases,  such  as  yellow  fever,  making  it  safe  for  en- 
gineers and  men  of  the  white  race  to  go  there  and  intro- 
duce transportation  systems. 

It  is  stated  that  about  7  per  cent  of  the  workers  of  the 
United  States  are  employed  in  transportation  and  that  in 
China  about  50  per  cent  are  so  employed.  This  is  because 
China  is  deficient  in  roads  and  railroads,  so  that  half  of 
the  workers  must  be  continually  wheeling  and  carrying 
things  about.  According  to  this,  China's  poverty  is 
largely  due  to  this  necessity  for  employing  a  large  part 
of  the  population  in  moving  produce  from  place  to  place. 
Before  China  can  enjoy  a  prosperity  equal  to  that  of  the 
rest  of  the  world,  a  great  mileage  of  roads  and  railroads 
must  be  built.  At  present  nearly  all  Chinese  roads  are 
mere  foot-paths  used  by  men  with  wheel-barrows  and 
donkeys.    The  cost  of  haulage  by  this  method,  even  with 
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wages  at  15  cents  per  day,  is  from  4  to  12  cents  per  ton- 
mile.  That  gives  an  idea  why  China  is  so  backward  in 
modern  civilization,  and  of  what  can  be  accomplished 
in  China,  with  her  400,000,000  people,  by  the  building  of 
good  roads  and  supplying  motor  transportation.  China 
has  not  had  railroads  because  it  was  too  expensive  to 
build  them,  on  account  of  the  enormous  outlay  necessary 
for  the  rails.  But  they  can  build  roads  in  small  amounts 
at  a  time,  operate  vehicles  over  them  and  consistently 
expand  them.  The  same  conditions  exist  in  other  places. 
I  think  that  the  war  has  set  such  countries  fifty  years 
ahead  relatively,  because  capital  can  be  and  will  be  in- 
vested in  road  development  there;  they  will  have  facilities 
they  were  unable  to  get  before.  They  are  the  people 
who  are  most  solvent  and  can  command  capital  to  come 
to  them,  because  their  credit  will  be  best. 

Roads  and  Tires 

One  other  point  in  regard  to  the  advantages  of  pneu- 
matic over  solid  tires  in  motor  transportation.  The  high- 
ways will  be  public  property;  they  will  not  be  built  by 
private  corporations  and  franchises  given  in  order  to 
encourage  private  capital  to  invest  in  them,  as  has  been 
necessary  in  the  case  of  the  railroads.  They  will  be 
built  by  public  capital,  but  we  will  find  that  the  cost  of 
the  roads  will  more  and  more  be  paid  for  by  the  traffic 
which  goes  over  them,  in  the  form  of  vehicle  taxes  which 
will  probably  be  progressively  increased.  The  initial  cost 
and  the  upkeep  of  the  roads  will  vary  directly  with  the 
loads  to  be  carried  and  the  damage  done  by  the  trucks 
going  over  them.  Suppose  two  loads  are  to  be  carried  on 
5-ton  trucks,  one  on  pneumatic  tires  and  one  on  solid 
tires.  We  know  well  the  difference  in  the  kind  of  road 
required  to  stand  up  under  the  solid-tire  traffic  as  against 
that  of  pneumatic-tire  trafik,  and  we  also  know  the  up- 
keep cost  for  the  two  kinds  of  traffic.  With  the  heavy 
motor  truck  developed  on  pneumatic  tires,  it  will  not  take 
half  the  expenditure  for  good  roads  that  it  would  if  those 
trucks  were  equipped  with  solid  tires.  In  other  words, 
the  same  appropriation  would  build  twice  as  many  roads 
of  a  suitable  character  to  carry  pneumatic-tired  trucks,  as 
to  carry  solid-tired  trucks.  And,  in  the  long  run,  the 
truck  which  damages  the  road  most  will  be  taxed  in 
almost  direct  proportion.  I  think  that  the  action  of  the 
State  of  New  Jersey  a  year  ago  is  merely  a  forerunner 
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of  what  must  be  expected  almost  universally.  This  will 
make  it  necessary  to  substitute  the  pneumatic  for  the 
solid  tire  on  all  large  trucks. 

Two  years  ago  we  spent  most  of  our  time  trying  to 
convince  people  that  pneumatic  truck  tires  have  merit, 
that  there  is  some  use  for  them.  We  are  now  trying  to 
increase  our  facilities  enough  to  produce  sufficient  tires 
of  this  type  to  take  care  of  the  demand  which  has  been 
created.  I  think  that  truck  designers  will  find  that  the 
pneumatic  tire  has  sold  itself  on  its  merits  to  the  public, 
and  that  they  will  have  difficulty  in  designing  trucks  for 
pneumatic  tires  fast  enough  to  take  care  of  the  needs 
and  demands  of  the  people.  Any  truck  manufacturer 
who  tries  to  influence  public  opinion  and  build  his  product 
along  solid-tire  lines  will  find  himself  in  exactly  the  same 
position  as  were  the  men  who  said  that  the  automobile 
would  never  amount  to  much.  I  think  that  we  cannot  do 
anjrthing  more  valuable  to  meet  the  needs  of  the  country 
today  than  to  forget  the  design  and  scrap  the  material 
provided  for  trucks  on  solid  tires  if  necessary,  and  devote 
our  energies  to  the  proper  designing  of  a  pneumatic- 
tired  truck  with  the  idea  that  it  will  be  equipped  with 
pneumatic  tires  only.  It  appears  to  us  that  the  volume 
of  business  in  pneumatic-tired  trucks  will  be  many  times 
what  it  is  today  in  pneumatic-tired  passenger  vehicles, 
and  our  whole  development  is  based  upon  this.  Person- 
ally, I  think  the  only  limit  to  the  development  of  the 
pneumatic-tired  truck  is  the  amount  of  crude  rubber  and 
long  staple  cotton  that  is  available  to  make  the  tires. 

ADDRESS  OF  F  A  SEIBERLING 

The  greatest  and  most  vital  industry  in  our  country 
is  that  of  agriculture.  Allied  with  it  and  next  in  im- 
portance is  that  of  transportation.  For  seventy  years  the 
railroad  was  the  dominant  factor  in  the  needs  of  trans- 
portation in  our  country,  but  in  the  past  twenty  years 
there  has  come  the  motor-driven  truck,  which  is  now  in 
process  of  evolution,  and  which  in  my  judgment  will 
result  in  a  revolution  in  the  transportation  of  the  world's 
goods.  It  is  less  than  twenty  years  ago  that  we  made 
the  first  pneumatic  tire.  We  started  twenty-one  years  ago 
to  make  bicycle  tires  and  solid  carriage  tires ;  very  shortly 
thereafter  we  commenced  making  pneumatic  tires  for 
small  runabouts.  The  type  then  produced  was  the  single- 
tube  tire,  with  little  studs  in  the  base  fastened  by  bolts 
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at  four  points  through  the  rim.  It  served  very  well  on 
light  vehicles.  Then  came  the  electric  motor  buses,  first 
appearing  in  New  York  on  Fifth  Avenue.  The  best  tire 
that  could  be  devised  for  them  was  that  same  single-tube 
pneumatic  with  the  four  studs  through  the  base  of  the 
rim,  held  by  plates  in  the  base  of  the  tire.  It  would  take 
a  long  story  to  relate  the  difficulties  we  and  other  manu- 
facturers suffered  in  the  effort  to  put  pneumatic  tires 
on  these  motor  buses.  They  were  an  utter  failure.  Out 
of  it,  however,  came  the  natural  evolution  through  the 
pneumatic  tire  with  the  inner  tube,  until  we  arrived  at 
the  state  we  are  now  in.  We  demonstrated  that  we  could 
carry  considerable  weight  on  pneumatic  tires  with  single 
inner  tubes,  but  there  was  a  limitation  largely  due  to 
weight  and  speed. 

When  we  began  to  develop  cord  tires,  we  were  dealing 
with  a  new  principle  of  construction ;  we  have  more  than 
doubled  the  weight-carrying  capacity,  with  higher  speed 
and  less  heat.  We  realized  five  years  ago  the  evolution 
that  is  now  under  way.  Some  of  us  believed,  and  still 
believe,  that  the  ultimate  tire  is  the  cord  tire  and  that 
there  will  be  no  fabric  tire,  much  less  any  solid  tires  on 
moving  vehicles.  We  believe  that  so  firmly  that  most  of 
our  engineering  force  is  employed  on  the  development 
of  the  cord  tire. 

The  world  views  the  development  of  the  motor  vehicle 
and  the  tires  that  have  come  along  with  it  in  the  past 
twenty  years  as  a  marvelous  thing ;  it  has  been.  No  page 
of  history  has  been  brighter  in  mechanics  than  the  prog- 
ress in  automobile  manufacturing  in  the  last  twenty 
years,  but  I  still  believe  we  are  largely  in  our  infancy  in 
the  matter  of  transportation.  When  I  make  that  state- 
ment I  must  connect  with  it  development  other  than  the 
developments  you  will  make  and  developments  we  will 
make,  because  they  are  largely  traveling  parallel.  I  must 
take  into  consideration  what  I  believe  is  coming  in  the 
development  of  our  highway  systems. 

Future  Highways 

We  have  over  2,000,000  miles  of  roads  in  this  country. 
We  are  commencing  to  dignify  them  with  a  higher  term, 
highways.  Out  of  those  2,000,000  miles,  less  than 
200,000  are  what  can  be  called  improved.  Such  improve- 
ment as  they  have  will  be  called  negligible  ten  years  from 
now.     They  are  inadequate.     The  development  of  the 
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motor  truck  is  much  beyond  them.  We  must  get  a  new 
vision  of  the  highways.  That  vision  will  carry  us  to  the 
highway  with  a  solid  foundation  and  hard  surface;  one 
adequate  to  carry  at  least  a  5-ton  per  wheel  load  for 
truck  service,  and  wide  enough  for  the  traflSc  of  high- 
speed vehicles  without  danger.  We  will  have  no  more 
12,  14  or  18-foot  highways,  except  in  sparsely-settled 
districts.  We  are  surely  coming  to  the  solid-foundation 
road,  adequately  drained. 

It  appears  to  me  that  you  who  have  the  destiny  of 
motor-truck  development  largely  in  your  hands  must  see 
the  future;  you  must  have  the  vision  of  the  final  thing, 
as  near  as  you  can  get  it.  .  It  would  be  a  simple  thing 
for  you  to  design  the  ultimate  car  if  you  knew  that  ten 
years  from  now  every  highway  built  in  the  United  States 
would  be  solid,  substantial  and  smooth,  and  that  you  could 
put  under  it  tires  that  would  carry  any  load  you  would 
give  it.  I  am  referring  now  to  the  pneumatic  tire.  If 
you  knew  all  that,  you  would,  design  a  truck  or  a  car  en* 
tirely  different  from  the  ones  you  now  design.  In  my 
judgment  we  are  working  to  that  end  with  certainty. 


Progress  in  Design 

One  of  our  engineers  brought  in  the  design  of  a  six- 
wheel  truck,  the  ultimate  truck,  along  that  line.  I  of 
course  laughed  inwardly,  but  I  let  him  talk.  He  took  me 
out  on  the  hills  one  day  over  our  rough  roads  with  this 
truck  and  I  was  utterly  dazed  at  the  way  it  operated.  I 
saw  in  that  idea  a  start  that  meant  less  weight  in  the 
truck,  less  cost  and  higher  service ;  largely  as  a  result  of 
the  development  of  the  pneumatic  cord  tire.  The  com- 
pensation of  the  leverages  of  the  turning  mechanism,  the 
fifth  wheel,  etc.,  is  largely  provided  in  the  swing  of  the 
pneumatic  tire. 

We  spend  hundreds  of  thousands  of  dollars  experi- 
mentally, and  a  majority  of  it  is  wasted,  but  now  and 
then  we  get  something  that  is  worth  all  that  we  have 
wasted  ten  times  over.  You  inventors  and  designers  know 
that  the  progress  of  the  world  has  been  made  only  along 
that  line  and  that  it  must  be  done.  When  you  have  de- 
veloped something  entirely  new,  you  have  achieved  some- 
thing. You  have  rendered  a  new  service  to  mankind,  and 
that  is  the  great  joy  of  men  who  are  doing  constructive 
things  and  making  progress. 
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In  China  there  are  400,000,000  people;  it  is  a  oountiy 
larger  than  this  country  and  has  a  railroad  mileage  of 
1  to  30  of  ours  and  a  motor-car  service  that  is  negligible, 
almost  confined  to  the  cities  of  Shanghai  and  Hong  Kong, 
some  5000  or  6000  cars.  Think  of  that  tremendous  gap 
that  can  be  filled  and  will  be  filled  sometime.  Roadways 
are  so  narrow  that  a  vehicle  could  not  get  through  many 
of  them;  railroads  are  almost  impossible  to  build  because 
of  Chinese  traditions  and  reverence  for  the  dead.  So 
many  have  died  in  China  in  the  centuries  before  us  that 
nearly  every  ten  square  feet  contains  a  grave,  and  they 
do  not  allow  railroads  to  be  built  over  graves.  That  diffi- 
culty of  overcoming  the  prejudice  of  a  people  is  an  enor- 
mous one,  and  it  will  take  centuries  to  overcome  it  in 
China.  But  they  have  thousands  of  miles  of  post  roads, 
some  of  them  built  by  the  Manchus  centuries  ago,  paved 
with  blocks  of  stone  3  to  5  ft  long  and  10  to  12  in.  thick. 
They  are  largely  in  disuse.  Time  has  covered  them  and 
they  are  worn  to  some  extent,  but  it  struck  me  inune- 
diately  that  there  is  the  foundation  for  a  good  road.  With 
a  surface  of  the  kind  we  could  build,  with  drainage  sys- 
tems along  the  side,  we  could  make  a  good  road  at  nominal 
cost,  for  labor  in  China  is  very  cheap. 

None  of  us  has  visualized  China  for  automobiles  or 
automobile  tires,  but  I  believe  that  within  our  lives  we 
will  find  motor  cars  running  over  Chinese  roads.  We  will 
find  that  that  great  mass  of  people  will  some  day  awaken 
by  virtue  of  American  and  European  enterprise  and  start 
road-building  in  good  solid  fashion.  When  they  build  a 
road  from  Tientsin  to  Pekin  as  an  experiment  in  a  hard- 
surface  road,  motor  cars  will  be  there  thd  moment  it  is 
built,  and  we  will  have  a  new  market.  After  that  has 
been  done,  other  roads  will  be,  built  and  the  post  roads 
will  furnish  the  means  of  transportation  that  they  have 
been  thinking  of  as  applicable  only  to  railroads.  I  think 
it  is  going  to  be  very  difficult  to  get  money  for  suitable 
railroads  in  China.  This  will  not  be  necessary  if  they 
build  roads  there  suitable  for  motor  cars  such  as  we  have 
in  this  country. 

Predicted  Exit  of  Solid  Tire 

We  look  to  you  S.  A.  E.  members  to  work  along  with 
us  in  building  the  ideal  truck  for  the  service  of  this  coun- 
try. We  are  thoroughly  convinced  that  three  years  from 
now  the  solid  tire  will  be  dead  as  applied  to  truck  service. 
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We  believe  that  the  cord  tire  we  are  now  making  is  only 
the  starting  point  of  the  finished  product  that  will  be  in 
use  five  years  from  now.  We  are  refining  and  improving 
all  the  while,  doing  everything  we  can  to  meet  the  situa- 
tion. We  believe  we  will  make  progress.  Forget  the 
solid  tire  and  think  only  of  the  pneumatic  as  adequate 
to  every  need,  for  it  will  carry  the  heaviest  loads  as  well 
as  the  lightest,  and  carry  the  high-speed  trucks  which  the 
hard  tire  cannot.  The  solid  tire  is  almost  as  bad  as  the 
iron  tire  in  destroying  the  roads.  The  pneumatic  tire 
absorbs  all  the  shocks. 
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BUFFALO  SECTION  PAPERS 

JAPANNING  PRACTICE 
By  W  A  Dabrah^ 


An  analysis  of  japanning  practice  as  a  systematized 
industrial  operation  is  presented  as  the  result  of  an 
investigation.  The  nature  of  japans  is  discussed  and 
an  outline  given  of  how  the  apparently  contradictory 
requirements  that  japans  must  be  weatherproof ,  some- 
what flexible,  sufficiently  thick  to  be  lasting,  possess 
enough  hardness  to  prevent  excessive  scratching  under 
ordinary  service  conditions  and  take  on  a  brilliant 
finish,  can  be  fulfilled  in  an  ordinary  industrial  plant 
without  undue  expenditure,  so  as  to  accomplish  the 
original  and  primary  objects  of  applying  a  finish  to 
metal  parts  to  prevent  them  from  too  great  deteriora- 
tion and  supply  a  pleasing  appearance  to  the  finished 
product. 

Adequate  provision  for  securing  a  uniform  product 
is  essential.  The  details  of  this  are  discussed.  Three 
ways  of  applying  japan  are  explained.  The  considera- 
tions involved  in  cleaning  the  metal  and  baking  japan 
are  enumerated  at  some  length  and  the  methods  are 
described.  Japanning  plant  equipment,  including  japan 
storage  and  handling,  a  mechanical  conveyor,  cleaning 
and  baking  apparatus,  is  then  commented  upon  at 
length,  the  thought  then  passing  to  a  detailed  consider- 
ation of  heating  methods.  This  is  followed  by  data 
and  discussion  regarding  the  temperature  control  and 
mechanical  construction  of  japanning  ovens. 

The  japanning  operation  is  one  of  the  most  important 
from  the  standpoint  of  finish  and  appearance,  but  it  la 
one  of  the  few  operations  which  the  average  automobile 
manufacturer  still  carries  out  on  a  rule-of-thumb  basis, 
trusting  to  traditions  that  the  result  will  be  satisfactory. 
Possibly  the  combination  of  chemical  engineering,  heat 
application  and  mechanical  problems,  has  caused  this  con- 
dition. With  the  thought  that  an  analysis  of  japanning 
practice  as  a  systematized  industrial  operation  may  work 
to  the  improvement  of  the  commercial  product,  the  in- 
vestigation described  herein  was  made. 


>Vice-presldent,  Continental  Industrial  Engineers,  Inc.,  Chicago. 
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Nature  op  Japans 

The  lack  of  definite  knowledge  regarding  japanning 
practice  frequently  begins  with  the  manufacturer.  In 
spite  of  the  fact  that  excellent  finishes  are  now  available, 
many  manufacturers  are  following  formulas  which  in 
some  cases  are  over  a  generation  old.  The  average  com- 
mercial japan  usually  comprises  the  following  ingredi- 
ents: 

(1)  Linseed  or  other  oxidizing  oil 

(2)  Gums  or  pitches 

(3)  Drier 

(4)  Color 

(5)  Solvent 

Fundamentally  the  average  japan  consists  of  a  drying 
oil,  which  forms  most  of  the  body  and  serves  as  a  medium 
to  impart  flexibility  to  the  finished  coating.  Linseed  oil 
is  most  commonly  used  for  this  purpose,  although  other 
drying  oils  may  be  employed  with  the  proper  precaution. 
Incidentally,  the  basic  cost  is  controlled  by  the  quantity 
of  linseed  oil  employed;  the  durability  and  protection 
are  also  dependent  upon  the  amount  and  grade  of  this  in- 
gredient. The  presence  of  an  excess  of  linseed  oil  has  a 
tendency  to  make  the  finish  less  brilliant  than  normal, 
but  gives  a  thicker  coat  and  greater  durability ;  the  sur- 
face is  also  somewhat  softer  and  loses  its  polish  more 
readily,  although  the  protection  to  the  metal  is  good.  On 
the  other  hand,  too  little  linseed  oil  is  usually  compensated 
for  by  the  addition  of  more  gums  or  pitches,  in  which 
case  the  tendency  of  the  japan  is  to  be  rather  hard  and 
brittle;  but  the  finish  is  very  brilliant.  Therefore,  the 
cheaper  finishes  are  likely  to  be  more  brilliant  than  the 
higher-grade  products,  but  the  coating  is  thin  aAd  cracks 
off  with  comparative  ease,  and  the  protection  to  the 
metal  beneath  is  imperfect. 

In  some  cases  rubber  has  been  substituted  for  linseed 
oil  in  certain  japans,  particularly  those  employed  for  the 
first  or  priming  coat.  At  the  present  market  prices  very, 
little  rubber  is  used.  It  appears  that  rubber  acts  in  sub- 
stantially the  same  manner  as  linseed  oil  except  that  it 
does  not  give  the  smooth  finish  common  to  oil.  The  func- 
tion of  the  oil  or  rubber  is  to  act  as  a  flexible  binder  and 
supply  the  protection  to  the  metal  surface,  while  the 
gums  and  pitches  serve  to  give  hardness  and  brilliance 
to  the  finish. 

Most  baking  enamels  are  black  or  very  dark  colored 
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on  account  of  the  great  difficulty  of  applying  and  baking 
a  light-colored  enamel  quickly.  Even  under  the  most 
careful  handling,  the  lighter-colored  finishes  have  a  de- 
cided tendency  to  turn  yellow  or  brown.  Fading  is  a 
common  occurrence  with  most  colored  baking  japans, 
and  the  final  result  is  generally  unsatisfactory.  Carbon 
black  is  employed  with  excellent  results  in  the  priming 
coat  of  many  of  the  black  japans.  Aside  from  the  rela- 
tively small  use  of  black  pitches  or  gums,  carbon  black 
is  the  most-used  coloring  material. 

Driers  are  frequently  added  to  commercial  japans,  but 
this  practice  is  not  to  be  entirely  recommended.  The  na- 
ture and  amount  of  drier  employed  are  of  fundamental 
importance,  as  any  substance  which  may  be  subsequently 
attacked  by  moisture  and  air  must  be  avoided.  The  or- 
ganic driers  are  probably  the  least  harmful.  It  should  be 
noted  that  the  conditions  under  which  japans  are  usually 
baked  are  such  as  to  reduce  materially  tlie  necessity  for 
a  drier.  The  solvent  generally  employed  is  either  benzine 
or  solvent  naphtha.  Benzine  is  preferred,  although  both 
materials  merely  act  as  a  thinning  medium  and  permit 
the  mechanical  application  of  the  japan  with  greater  uni- 
formity and  with  minimum  labor.  The  solvents  are,  of 
course,  entirely  removed  in  the  drying  and  baking  opera- 
tion, and  it  appears  that  they  do  not  combine  in  any 
way  with  the  materials  of  the  japan.  As  a  rule,  commer- 
cial japans  carry  about  50  per  cent  by  volume  of  solvent. 
It  is  not  unusual  to  add  15  to  30  per  cent  solvent  at  the 
enamelling  plant  to  facilitate  handling  and  application. 
The  exact  viscosity  of  a  japan  can  be  controlled  abso- 
lutely by  the  amount  of  solvent,  assuming  that  measure- 
ments are  made  at  a  constant  temperature,  and  this  is  a 
point  of  vital  importance  from  the  standpoint  of  securing 
a  uniform  product.  It  is  impracticable  to  advise  the 
best  viscosity  to  employ  without  full  knowledge  of  all  the 
conditions  under  which  the  japan  will  be  used,  as  well  as 
of  the  grade  of  product  desired. 

The  matter  of  purchasing  japan  is  at  present  sur- 
rounded with  much  mystery.  General  appearances  and 
characteristics  will  tell  almost  nothing  about  the  quality. 
A  trial  application  and  a  test  of  the  resulting  enameled 
surface  is  a  successful  and  reasonable  basis  for  selecting 
japans,  but  it  should  be  kept  in  mind  that  the  means  of 
application  and  conditions  of  baking  have  an  extremely 
important  bearing  upon  the  appearance  and  durability 
of  the  product;  an  excellent  japan  may  give  inferior  re- 
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suits  when  not  handled  in  the  best  manner.  It  has  been 
my  experience  that  most  japan  manufacturers  are  con- 
scientious in  their  endeavor  to  supply  a  good  grade  of 
product.  Unfortunately,  competitive  conditions  are  such 
that  the  price  which  the  consumer  wishes  to  pay  is  deter- 
mined, and  a  japan  representing  the  best  grade  available 
for  that  price  is  submitted.  The  ingredient  which  has 
the  most  influence  in  determining  the  selling  price  and 
quality  is  linseed  oil.  In  many  cases  the  higher  quality 
japans  contain  more  expensive  gums,  while  the  cheaper 
japans  may  contain  even  shellac  and  stearine  pitch. 

To  decide  intelligently  upon  the  best  grade  of  japan 
and  the  best  method  of  applying  and  handling  the  ma- 
terial a  brief  consideration  of  the  function  of  japan  is 
desirable.  The  original  and  primary  objects  of  applying 
a  finish  to  the  metal  parts  were  to  protect  them  from  ex- 
cessive deterioration  and  supply  a  pleasing  appearance  to 
the  finished  article.  To  realize  these  conditions  in  prac- 
tice the  japan  must  be  weatherproof,  somewhat  flexible, 
sufficiently  thick  to  be  lasting,  have  sufficient  hardness  to 
prevent  excessive  scratching  under  ordinary  service  con- 
ditions and  take  on  a  brilliant  finish.  I  will  attempt  to 
indicate  how  these  somewhat  contradictory  requirements 
can  be  fulfilled  in  an  ordinary  industrial  plant  without 
excessive  expenditure  of  money. 

Handling  Japan 

A  fundamental  requirement  of  any  plant  using  large 
quantities  of  japan  is  adequate  provision  for  securing 
a  uniform  product.  As  a  rule  the  japan  manufacturer 
is  able  to  supply  a  uniform  product  initially,  so  that  the 
user  can  confine  his  attention,  aside  from  the  ordinary 
inspection  laboratory  tests  on  purchasing,  to  the  equip- 
ment designed  to  maintain  the  product  constant  through- 
out his  own  operations.  Most  systems,  whether  they  be 
of  the  dipping,  spraying  or  flowing  tjrpe,  will  require 
large  storage  capacity  for  mixed  japan,  that  is,  japan 
plus  solvent,  and  also  adequate  tankage  for  mixing  the 
material  in  use  with  additional  solvent  to  maintain  the 
viscosity  standard.  It  is  very  desirable  to  maintain  a 
uniform  temperature  throughout  the  rooms  where  the 
japan  is  handled  or  mixed.  Uniformity  is  the  essential 
feature,  but  the  best  results  appear  to  be  secured  when 
the  temperatures  range  from  80  to  100  deg.  fahr. 
Obviously  the  higher  the  temperature  of  the  japan  the 
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Bmaller  amount  of  solvent  required  to  secure  a  given  vis- 
cosity. On  the  other  hand,  if  the  temperatures  of  the 
room  and  the  japan  are  too  high,  the  solvent  has  more 
tendencey  to  evaporate. 

Another  consideration  of  prime  importance  is  to  agi- 
tate the  japan  in  all  parts  of  the  system  continually. 
Even  the  highest  grade  product  has  a  decided  tendency 
to  deposit  some  of  the  heavier  ingredients  after  stand- 
ing. One  engineering  means  of  reducing  the  trouble  from 
this  cause  is  to  avoid  the  presence  of  pockets  or  un- 
drained  pools  of  japan  in  any  part  of  the  piping  or  tank- 
age system.  Entering  pipes  should  end  near  the  top  of 
the  tanks  and  exit  pipes  should  be  connected  to  the  low- 
est portion.  All  tanks  should,  of  course,  be  covered  wher- 
ever feasible,  and  expose  a  minimum  surface  to  the 
atmosphere  in  case  it  is  impracticable  to  cover  them. 
Lights  and  flame  should  obviously  be  kept  very  far  dis- 
tant from  all  japan  equipment.  The  most  satisfactory 
method  of  agitating  large  quanties  of  japan  usually  in- 
volves a  circulating  system,  including  circulating  pumps, 
lawns  or  strainers,  mixing  tanks  equipped  with  agitating 
means  and  a  piping  system  which  should  be  provided  with 
heat  insulation  in  case  the  pipes  pass  through  rooms  hav- 
ing a  lower  temperature  than  that  at  which  the  japan  is 
maintained.  The  mixing  and  storage  tanks  should  be 
equipped  with  some  means  such  as  hot-water  pipes  for 
maintaining  the  temperature  constant,  although  this  pre- 
caution is  not  always  essential  if  the  temperature  of  the 
entire  room  is  thermostatically  controlled. 

Japan  is  usually  applied  in  one  of  three  ways.  SmaU 
articles  such  as  automobile  fenders  can  be  dipped  directly 
in  the  tank  of  flowing  japan  and  after  a  period  of  drip- 
ping can  be  carried  by  conveyors  into  the  baking  oven. 
Large  surfaces  which  cannot  be  conveniently  dipped  can 
be  coated  by  flowing.  In  this  case  the  japan  is  pumped 
through  a  hose  and  out  of  an  elongated  slotted  nozzle,  in 
such  a  manner  that  it  flows  smoothly  and  regularly  over 
a  considerable  surface.  The  method  of  application,  when 
properly  handled,  results  in  an  excellent  finish  and  is 
applicable  to  automobile  bodies  and  similar  parts.  A 
third  method,  also  used  for  applying  paints,  consists  in 
spraying  the  coating  material  by  a  stream  of  compressed 
air.  This  method,  when  properly  employed,  produces 
good  results  and  also  permits  some  control  of  the  thick- 
ness of  the  coat.  The  application  of  japan  by  spraying  is, 
however,  attended  by  serious  personal  inconvenience,  due 
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to  the  unpleasant  vapors  which  invariably  result;  for  this 
reason  labor  is  relatively  expensive  and  difficult  to  handle. 
Some  attempts  have  been  made  to  produce  an  automatic 
spray  or  mist  so  arranged  that  the  article  to  be  treated 
passes  through  a  closed  chamber  on  a  conveyor  and  under 
these  conditions  is  entirely  coated  with  paint  or  japan. 
Control  of  the  speed  of  travel  of  .the  part  to  be  coated 
offers  a  rough  means  of  controlling  the  thickness  of  the 
coat.  The  spraying  method  is  probably  more  frequently 
employed  in  connection  with  the  painting  of  chassis  and 
similar  parts  which  do  not  require  a  high  grade  of  finish. 

The  amount  of  japan  which  adheres  to  a  freshly  coated 
surface  is  naturally  a  variable,  depending  upon  the  vis- 
cosity of  the  japan,  the  condition  of  the  surface  and  some 
other  factors.  It  is  therefore  impossible  to  make  a  gen- 
eral statement  which  will  cover  all  cases,  but  some  in- 
stances resulting  f rOm  actual  experience  may  be  helpful. 
For  example,  in  enameling  such  materials  as  front  guards, 
mud  aprons,  runabout  shields  and  tanks,  actual  practice 
indicated  a  consumption  of  1  lb.  of  liquid  japan  to  each 
50  lb.  of  sheet  metal  enameled.  The  metal  in  this  case 
was  naturally  a  variable  ranging  from  12  to  18  gage.  In 
another  case,  in  which  japan  is  applied  by  flowing  to  one 
side  of  the  surface  only,  an  average  of  about  1  lb.  of  japan 
to  180  lb.  of  metal  is  employed.  Here  the  average  thick- 
ness of  the  entire  surface  averaged  about  14  gage  metal. 
As  an  average,  it  would  seem  that  about  25  sq.  ft.  of  sur- 
face can  be  covered  by  1  lb.  of  japan  in  one  coat,  although, 
as  already  pointed  out,  this  quantity  is  so  closely  related 
to  innumerable  variables  that  only  an  approximate  esti- 
mate can  be  made.  In  case  a  primer  coat  is  applied  to 
the  metal,  average  practice  indicates  that  about  30  per 
cent  additional  weight  of  japan  will  be  required.  In 
other  words,  because  of  the  numerous  crevices  which 
must  be  filled,  the  first  or  priming  Coat  requires  an  aver- 
age of  about  1.3  lb.  of  japan  for  each  25  sq.  ft. 

It  should  be  understood  that  the  figure  of  1  lb.  of  japan 
for  each  25  sq.  ft.  of  surface  applies  to  the  dried  japan, 
as  is  also  the  case  with  the  value  given  for  the  first  or 
priming  coat.  The  weight  of  wet  or  liquid  japan,  which 
adheres  to  25  sq.  ft.  of  surface,  will  approach  3  lb.  After 
dripping,  the  loss  in  weight  by  this  operation  will  aver- 
age about  1.75  lb.,  while  the  remainder  of  the  loss  in 
weight  results  from  the  evaporation  of  the  solvents  dur- 
ing the  drying  operation.  In  case  the  primer  coat  is 
sanded  before  the  application  of  the  finish  coat,  the  weight 
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of  dry  japan  removed  is  about  0.6  lb.  per  25  sq.  ft.  of 
surface.  As  a  rule  spraying  japan  weighs  about  7  lb. 
per  gal.,  while  the  spraying  paint  used  on  chassis  and 
similar  parts  will  weigh  about  9  lb.  per  gal.  From  the 
data  and  information  given  above  it  is  possible  to  cal- 
culate accurately  the  quantities  of  japan  required  for  a 
given  production  and  the  data,  in  connection  with  the 
figures  given  for  the  circulation  required,  will  permit 
fairly  accurate  design  of  the  japan-handling  equipment. 
The  speeds  allowable  f6r  the  travel  of  japan  through 
pipes  and  conduits  should  somewhat  exceed  the  *  safe 
speeds  for  the  flow  of  oil. 

The  explosive  nature  of  a  mixture  of  air  and  the  sol- 
vent used  in  japan  necessitates  a  careful  study  of  the  air 
circulation  system,  wherever  japan  is  employed.  As  a 
rule,  the  danger  limits  lie  between  2.4  and  6.1  per  cent 
of  the  weight  of  the  solvent  in  pounds.  In  other  words, 
a  mixture  of  100  lb.  of  air  and  3  lb.  of  evaporated  solvent 
is  extremely  dangerous.  Many  disastrous  explosions  re- 
sulted in  the  early  days  of  japanning  due  to  ignorance 
of  this  condition.  It  is  good  practice  to  maintain  the 
maximum  concentration  of  benzine  solvent  in  air  at  less 
than  1  per  cent  by  weight,  as  under  these  conditions  ex- 
plosions are  practically  impossible.  The  basis  given  of 
calculating  the  necessary  amount  of  air  circulation  is  in 
my  opinion  much  more  logical  than  the  empirical  method 
frequently  employed  of  assuming  either  a  given  number 
of  changes  of  air  per  hour  or  a  given  number  of  cubic 
feet  of  air  per  pound  of  material  japanned.  The  mis- 
leading results  which  the  latter  method  may  involve  will 
be  clear  when  a  comparison  is  made  on  this  basis  of  the 
air  circulation  required  for  japanning  engine  flywheels 
and  automobile  fenders. 

Cleaning  the  Metal  and  Baking  Japan 

It  is  good  practice  to  thoroughly  clean  the  metal  sur- 
face before  applying  the  japan  coating.  While  this  sub- 
ject should  logically  precede  the  discussion  of  the  appli- 
cation of  japan,  because  of  its  connection  with  ovens  and 
heat  treatment,  it  seems  better  to  include  it  at  this  point. 
It  is,  of  course,  evident  that  when  the  metal  surfaces 
leave  the  presses  and  the  assembly  room,  they  will  be 
covered  with  a  large  amount  of  grease  and  other  organic 
impurities  resulting  from  shaping  and  handling.  If  this 
material  is  not  removed  the  japan  will  not  adhere  unl- 
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formly,  and  the  appearance  will  be  very  unsatisfactory. 
Two  methods  are  used  in  practice  to  remove  the  oil  and 
grease.  One  consists  in  washing  the  surface  with  gaso- 
line or  other  solvent.  This  is  usually  quite  effective,  but 
as  a  rule  requires  more  labor  and  greater  care.  It  is  not 
automatic  and  depends  to  some  extent  upon  the  care  taken 
by  the  operator.  It  also  involves  very  serious  fire  haz- 
ards, by  reason  of  the  explosive  gasoline  vapors  evolved 
in  the  drying  process,  and  also  because  of  the  large  ex- 
posed tank  of  gasoline  which  is  necessary.  The  danger 
of  striking  sparks  either  by  friction  or  from  electrostatic 
causes,  as  well  as  the  hazards  resulting  from  electric 
light  and  power  wires,  is  considerable.  I  have  investi- 
gated this  subject  somewhat,  with  a  view  to  adding  ma- 
terials which  will  largely  reduce  the  fire  hazard,  and  have 
secured  some  interesting  results. 

The  second  method  employed  consists  in  burning  off 
the  oils  and  grease  in  a  hot  oven.  It  has  been  found 
that  a  15-min.  exposure  to  a  temperature  of  about  500 
deg.  fahr.,  in  the  presence  of  an  excess  of  air,  will  en- 
tirely remove  the  oily  materials  without  in  any  way  ad- 
versely affecting  the  surface.  Naturally,  the  condition  of 
the  surface,  the  weight  of  metal  to  be  treated  and  many 
other  factors  will  affect  this  operation.  The  data  given 
are  based  upon  sheet  metal  surfaces  averaging  about  14 
gage.  In  this  case  the  amount  of  oils  and  grease  removed 
averages  about  0.3  lb.  per  25  sq.  ft.  of  surface.  The 
amount  of  air  employed  for  circulation,  under  these  con- 
ditions, can  be  determined  iipon  substantially  the  same 
basis  as  that  employed  in  japanning  practice.  In  other 
words,  the  concentration  of  vaporized  oils  should  not  ex- 
ceed 1  per  cent  by  weight  of  the  air  employed. 

Aside  from  the  matter  of  compounding  the  japan,  no 
single  factor  is  so  important  as  the  baking  process.  There 
are  many  factors  which  require  careful  control  to  secure 
a  durable,  hard,  elastic  finish,  having  a  good  appearance. 
Some  of  the  more  important  of  these  are  (a)  time  of 
baking,  (  b)  temperature  of  baking,  (c)  temperature 
jrradient,  (d)  uniformity  of  temperature  and  (e)  air  con- 
dition in  the  oven. 

To  understand  the  relations  of  these  factors  a  brief 
discussion  of  the  action  of  the  japan  during  the  baking 
operation  will  be  helpful.  After  the  article  to  be 
japanned,  such  as  an  automobile  fender,  has  been 
dipped     in     japan,     the     excess     of    liquid     gradually 
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flows  from  the  surface  by  dripping  until  a  fairly 
uniform  condition  has  been  secured.  While  in 
this  state  the  fender  enters  the  japanning  oven,  being 
preferably  carried  by  an  automatic  conveyor,  and  its  tem- 
perature is  gradually  increased.  The  first  effect  of  the 
increased  temperature  is  to  soften  the  layer  of  japan 
somewhat  because  the  heat  has  a  tendency  to  lower  the 
viscosity.  In  case  there  are  any  pores  in  the  coating, 
this  action  allows  them  to  be  filled  up.  It  also  results 
in  reducing  the  thickness  of  the  coat,  with  the  natural 
consequence  that  its  durability  is  somewhat  reduced.  The 
softening  of  the  surface  layer  is  immediately  followed, 
however,  by  the  evaporation  of  a  portion  of  the  solvent, 
which  in  turn  tends  to  harden  the  japan  coating.  This 
action  continues  throughout  the  baking  period,  until  the 
solvent  is  completely  removed.  At  the  same  time  the  lin- 
seed oil  undergoes  a  process  of  polymerization  and  oxida- 
tion, similar  to  the  action  in  drying  paints  and  varnishes. 
The  presence  of  a  large  excess  of  air  is  of  material  as- 
sistance in  hastening  the  oxidation  process  as  well  as  in 
removing  the  benzine  vapors,  and  thus  hastens  the  evap- 
oration of  the  solvent.  As  the  temperature  continues  to 
increase,  the  gums  and  resins  begin  to  liquify  and  then 
to  give  up  certain  more  volatile  constituents  in  the  course 
of  forming  a  hard  condensation  product.  This  is  usually 
the  last  stage  in  the  hardening  of  the  japan. 

It  will  be  evident  that  the  resultant  product  will  have 
a  surface  finish  depending  upon  the  relative  temperature 
of  the  japan  and  the  surrounding  air.  In  other  words,  if  the 
japan  and  the  metal  surface  upon  which  it  is  spread  are 
warmer  than  the  air  about  it,  the  polymerization  of  the  oil 
and  the  hardening  of  the  gums  will  take  place  more  or  less 
uniformly  throughout  the  mass,  at  the  same  time  that 
the  evaporation  of  the  solvent  is  occurring.  Under  these 
conditions  the  surface  will  be  relatively  free  frem  micro- 
scopic pits,  which  are  sometimes  noticed  in  poorly  handled 
japan.  On  the  other  hand,  if  the  air  surrounding  the 
fender  is  warmer  than  the  metal  and  japan  itself,  the 
surface  of  the  japan  will  tend  to  solidify  before  the  inter- 
ior and  even  before  all  of  the  solvent  has  been  evaporated 
from  the  japan  layer.  One  result  of  this  condition  is  the 
formation  of  tiny  pores  or  holes,  caused  by  the  evaporat- 
ing solvent  forcing  its  way  through  the  outer  layer  or 
skin.  These  pores  may  be  microscopic  in  size  but  serve  as 
a  weak  point  at  which  the  japan  may  be  attacked  by  the 
weather.    The  pores  may  also  accumulate  dust  and  dirt, 
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thus  causing  the  body  of  the  automobile  to  have  a  very  un- 
satisfactory appearance  after  relatively  short  service. 

It  is  thus  seen  that  a  means  of  heating  the  articles  to 
be  japanned,  which  permits  keeping  them  slightly  warmer 
than  the  surrounding  air,  is  desirable.  To  obtain  such  a 
condition  wholly,  appears  to  be  impracticable  for  ordinary 
commercial  work,  but  it  can  be  approximated  by  sup- 
plying as  much  heat  as  possible  by  radiation  from 
hot  bodies.  In  other  words,  the  heating  of  a  japan- 
ning oven  exclusively  by  hot  air,  is  not  as  satis- 
factory as  heating  it  by  radiating  surfaces.  The  most 
practical  compromise,  considering  both  the  quality  of  the 
product  and  the  cost  of  operating  the  oven,  lies  in  sup- 
plying by  radiation  the  heat  necessary  to  raise  the  tem- 
perature of  the  metal  and  the  japan  to  the  desired  point, 
and  at  the  same  time  heating  the  entering  air  to  approxi- 
mately the  temperature  of  the  oven.  Generally  speaking, 
the  lower  the  maximum  temperature  employed  in  baking 
the  japan,  the  better  will  be  the  resultant  surface.  It 
will,  of  course,  be  evident  that  a  reduction  in  oven  tem- 
peratures means  an  increase  in  the  baking  time,  which 
in  turn  means  either  a  materially  larger  investment  in 
oven  equipment  or  a  corresponding  reduced  production. 

Japan  manufacturers  urge  the  lowest  possible  bak- 
ing temperature  and  the  longest  possible  time,  speaking, 
of  course,  from  the  standpoint  of  securing  a  durable  and 
generally  satisfactory  finish.  On  the  other  hand,  because 
of  the  ever-increasing  production  demands,  the  tendency 
of  the  automobile  manufacturers  has  been  to  increase 
the  temperature  and  decrease  the  baking  time.  Practice 
is  widely  variable  in  this  connection.  Excellent  results 
are  secured  with  baking  temperatures  of  from  450  to  475 
deg.  fahr.  In  some  cases  temperatures  of  from  350  to 
400  deg.  are  employed.  A  temperature  of  450  deg.  re- 
quires a  baking  period  of  about  45  min.  to  secure  the 
best  results,  although  in  some  cases  baking  may  be  com- 
pleted in  a  30-min.  period.  Temperatures  of  from  350  to 
400  deg.  fahr.  require  a  baking  time  ranging  from  4  to  2 
hr.  to  secure  the  best  results,  although  this  may  be  ma- 
terially decreased  under  some  conditions.  The  possi- 
bilities which  arise  in  connection  with  a  quick-setting 
japan  are  very  attractive,  and  some  surprising  results 
have  been  secured.  I  have  given  consideration  to  japans 
in  which  the  solvent  is  water,  and  the  field  here  disclosed 
is  very  large. 

Extensive  tests,  as  well  as  theoretical  considerations. 


Digitized 


by  Google 


830  THE  SOCIETY  OF  AUTOMOTIYE  ENGINEERS 

indicate  that  the  resultant  surface  will  be  improved  if 
the  baking  temperature  is  increased  very  gradually. 
The  theoretical  basis  for  this  condition  follows,  of 
course,  from  the  fact  that  the  solvent  will  be  given 
ample  opportunity  to  evaporate  before  polymerization  of 
the  oil  and  the  hardening  of  the  gums  take  place.  Sev- 
eral large  japanning  plants  have  equipment  for  ''pre- 
heating" the  material  before  subjecting  it  to  the  final 
baking.  Steam  coils  operated  at  temperatures  ranging 
from  260  to  300  deg.  fahr.  are  employed  for  this  pur- 
pose. In  spite  of  the  theoretical  advantages  and  those 
shown  by  tests,  it  is  very  doubtful  whether  the  preheat- 
ing principle  is  of  any  practical  advantage.  In  the  case 
of  at  least  one  manufacturer,  equipment  already  installed 
for  this  purpose  is  not  employed.  If  preheating  is  not 
used,  the  temperature  gradient  will  be  substantially  a 
straight  line,  increasing  rapidly  to  a  maximum  at  the 
entering  end  of  the  oven,  in  the  case  of  a  continuous 
equipment,  and  continuing  at  the  maximum  temperature 
throughout  the  baking  period.  It  is  obvious  that  uni- 
formity of  temperature  throughout  the  oven  is  of  the 
utmost  importance.  Lack  of  uniformity  is  very  likely 
to  result  in  hard,  brittle,  over-baked  portions,  or  gummy 
and  soft  spots,  which  will  collect  dirt  and  dust  as  well  as 
show  excessive  scratching. 

It  is  desirable  that  the  air  supplied  to  japanning  ovens 
should  be  controlled  in  some  positive  manner,  as  natural 
ventilation  should  not  be  relied  upon.  It  has  been  the 
experience  of  those  plants  relying  upon  natural  ventila- 
tion to  maintain  the  air  circulation,  that  extremely  vari- 
able results  are  secured.  In  these  cases  the  ovens  require 
constant  supervision  aijd  the  rate  of  production  must  be 
decreased  to  compensate  for  weather  changes.  The  air 
used  for  circulation  within  the  japanning  oven,  must  be 
relatively  free  from  dust,  and  as  dry  as  possible.  In  some 
plants  the  precaution  of  washing  the  incoming  air  has 
been  taken,  but  this  does  not  seem  to  be  necessary  under 
ordinary  operating  conditions.  The  advantages  of  pre- 
heating the  air  to  oven  temperature  will  be  seen  when  it 
is  considered  that  this  tends  to  remove  a  portion  of  the 
lint  or  dust  by  burning,  and  also  lower  the  percentage 
of  saturation. 

To  secure  a  high-grade  finish  it  is  customary  to  apply 
at  least  one  primer  or  "rubber"  coat,  followed  by  from 
three  to  four  finish  coats.  The  primer  coat  is  usually 
somewhat  thicker  than  the  others  and  carries  most  of 
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the  pigment,  carbon  black.  The  treatment,  application 
and  baking  of  the  three  coats  are  substantially  the  same, 
as  regards  both  time  and  temperature.  The  primer  coat 
usually  gives  a  dull  or  rough  finish  without  hardness  or 
brilliancy;  the  latter  characteristics  are  supplied  by  the 
finish  coats. 

Japanning  Plant  Equipment 

The  japanning  plant  includes  the  following  essential 
elements:  (a)  japan  storage  and  handling  equipment, 
(6)  a  mechanical  conveyor  and  (c)  cleaning  and  baking 
equipment.  The  equipment  involved  in  the  storage  and 
handling  of  the  liquid  japan  has  been  dealt  with  briefly 
in  the  earlier  portion  of  this  paper. 

The  mechanical  conveyor  may  take  many  different 
forms,  depending  upon  the  nature  of  the  material  to  be 
handled  and  the  desired  method  of  treatment.  Each  in- 
dividual plant  requires  a  study  of  many  local  factors 
before  a  sound  recommendation  can  be  made  as  to  the 
type  and  the  general  characteristics  of  the  conveyor. 
The  simplest  possible  type  of  equipment  should  be  em- 
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incidental  to  the  successful  operation  of  japanning  ovens, 
a  few  of  the  fundamental  considerations  are  (a)  safety, 
(6)  reliability,  (c)  controDability,  (d)  economy,  (6)  pro- 
duction and  (/)  cleanliness. 

Tvi^o  fundamentally  different  mechanical  arrange- 
ments are  employed  in  the  construction  of  japanning 
ovens,  although  both  types  consist  merely  of  a  large  box, 
usually  of  metal,  surrounded  by  from  3  to  6-in.  of  heat 
insulation.  In  the  case  of  the  earlier  or  batch  type  of 
oven,  the  material  to  be  japanned  is  placed  in  the  oven, 
the  doors  are  closed  and  the  temperature  is  raised  to  the 
desired  point.  The  heating  is  continued  for  the  necessary 
length  of  time,  and  usually  some  means  of  ventilation  is 
employed.  The  batch  type  of  oven,  when  properly  oper- 
ated, will  produce  excellent  results,  and  is  particularly 
adapted  to  small  plants.  Automobile  factories  producing 
not  more  than  100  cars  per  day  can  secure  excellent  re- 
sults with  this  type,  although  it  will  be  evident  that  con- 
tinual supervision  by  skilled  and  responsible  help  is 
necessary.  The  fuel  economy  in  the  case  of  the  batch 
type  of  oven  is  usually  much  lower  than  in  the  case  of 
the  continuous  oven,  and  the  labor  charges  are  much 
higher. 

The  continuous  japanning  oven  differs  from  the  batch 
type  only  in  that  it  is  a  long  heat-insulated  box,  usually 
open  at  both  ends,  and  equipped  with  conveying  means 
for  continuously  carrying  the'  material  to  be  treated 
through  the  oven.  In  all  plants  having  a  production 
materially  in  excess  of  100  cars  per  day  the  continuous 
oven  is  preferable.  Continuous  ovens  are  constructed  in 
many  varying  designs,  some  typical  installations  being 
shown  in  the  accompanying  drawings.  For  treating 
automobile  bodies  in  cases  now  becoming  relatively  nu- 
merous in  which  no  wooden  parts  are  built  into  the  metal 
body,  it  is  usual  practice  to  employ  an  oven  about  140  ft 
long,  5  ft.  wide  and  6  ft.  high.  The  ovens  are  generally 
entirely  horizontal  in  this  case,  but  are  provided  with 
vestibules  which  -serve  to  reduce  the  circulation  of  cold 
air  from  without,  thus  keeping  the  temperature  within 
the  oven  higher  and  more  uniform.  In  the  case  of  body 
ovens,  two  parallel  horizontal  chains  are  used  for  con- 
veyors, the  chains  sliding  in  steel  channels  or  angles  at  a 
level  of  about  2  ft.  from  the  floor.  The  bodies  to  be  jap- 
anned are  placed  on  the  conveyor  with  about  4  ft.  of 
space  between  each.  In  the  case  of  an  oven  140  ft.  long, 
operated  at  a  temperature  of  450  deg.  fahr.,  a  45-min. 
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baking  period  is  usually  employed,  thus  allowing  a  speed 
of  travel  for  the  conveyor  of  about  3  ft.  per  min.  This 
rate  of  travel  permits  ample  time  for  inspection  as  the 
bodies  leave  the  oven,  and  the  application  of  a  second 
coat  of  japan  before  the  bodies  enter  the  second  oven. 
Under  these  conditions,  a  period  of  about  10  min.  is  al- 
lowed for  inspection  and  applying  the  next  coat.  This, 
of  course,  requires  a  distance  of  about  30  ft.  on  the  basis 
of  a  speed  of  travel  of  3  ft.  per  min.  The  above  figures 
are  merely  given  as  typical  of  successful  installations 
now  in  operation. 

The  question  of  ventilation  for  japanning  ovens  has 
already  been  discussed  and  it  is  merely  necessary  to  give 
some  typicsA  figures  illustrative  of  present  practice.  An 
oven  adapted  to  the  japanning  of  light  automobile  bodies, 
with  an  hourly  production  of  about  12  bodies,  will  re- 
quire an  air  circulation  approximately  equal  to  1200 
cu.  ft.  of  fresh  air  per  min.  There  are  at  present  a  large 
number  of  japanning  ovens  employing  natural  ventila- 
tion to  cause  the  necessary  air  change.  In  my  opinion 
this  is  unfortunate,  since  the  operator  cannot  control  the 
rate  of  circulation  or  the  nature  of  the  incoming  air. 

A  second  ^type  of  japanning  oven  represents  present 
practice  in  the  treatment  of  automobile  fenders  and  sim- 
ilar light  parts.  It  will  be  noted  in  this  case  that  the 
entire  process  of  dipping,  dripping,  baking,  etc.,  is  car- 
ried out  automatically,  and  that  manual  labor  is  required 
only  in  placing  the  pieces  to  be  treated  on  the  conveyor, 
inspecting  them  and  removing  them  when  completed. 
There  are  two  typical  methods  of  reducing  the  leakage 
of  hot  air  from  the  oven  and  the  consequent  entrance  of 
cold  air.  Both  methods  depend  upon  the  lower  specific 
gravity  of  warm  air  causing  it  to  rise.  In  the  one  case 
the  oven  is  located  on  the  roof,  while  the  material  to  be 
japanned  enters  at  one  of  the  lower  floors,  passing  up 
an  incline  before  it  reaches  the  hottest  portion  of  the 
oven.  Another  method  of  securing  substantially  the 
same  result,  but  modified  to  deliver  the  finished  product 
nearer  to  the  point  at  which  it  enters,  is  exemplified  in 
the  case  of  a  double-deck  fender  oven  now  on  the  market. 

Heating  Methods 

There  are  in  use  today  at  least  three  different  means 
of  supplying  heat  to  japanning  ovens.  The  oldest  and 
least  satisfactory  arrangement  consists  in  having  a  num- 
ber of  gas  burners  placed  beneath  the  fioor  level  of  the 
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oven  and  arranged  so  that  the  gaseous  products  of  com- 
bustion will  pass  upward  and  impart  a  portion  of  their 
heat  to  the  materials  to  be  japanned.  The  objections  to 
such  a  system  are  obvious.  The  temperatures  are  not 
subject  to  accurate  control,  the  temperature  of  the  ovens 
is  not  uniform  throughout,  the  dangers  of  fire  from  an 
open  flame  are  excessive  and  the  products  of  combustion 
passing  through  the  oven  frequently  contain  traces  of 
soot  and  always  large  amounts  of  water  vapor.  As  a  re- 
sult of  these  conditions  the  quality  of  the  work  produced 
by  an  oven  of  this  type  is  not  as  satisfactory  as  that  of 
later  types,  and  with  the  present  price  of  gas  the  oper- 
ating costs  are  high. 

The  electrically-heated  oven  has  been  widely  introduced 
and  is  in  successful  use  at  a  large  number  of  plants. 
Electric  heat  allows  simple  and  accurate  control,  per- 
mits a  relatively  uniform  temperature  throughout  the 
oven  and  is  free  from  the  objections  of  soot  and  water 
vapor  inherent  in  the  gas-fired  oven.  The  most  serious 
objection  to  the  electrically-heated  oven  is  the  extremely 
high  cost  of  this  form  of  heat.  A  consideration  of  the 
fact  that  even  large  power  users  «annot  as  a  rule  secure 
a  lower  rate  for  japanning  equipment  than  from  1  to  1% 
cents  per  kw.-hr.,  will  make  evident  the  very  high  costs 
involved.  For  example,  one  large  automobile  builder  pro- 
ducing approximately  1000  cars  per  day,  has  a  power  bill 
for  the  japanning  ovens  alone  of  about  $1,500  per  day. 
For  purposes  of  comparison,  it  may  be  stated  that  the 
same  service  secured  from  japanning  ovens  heated  by  the 
combustion  of  fuel  oil  would  ^ost  not  over  $400  per  day, 
giving  a  yearly  saving  of  over  $300,000.  It  should  be 
noted  that  while  the  electrically-heated  oven  can  be  most 
easily  controlled  and  is  normally  very  reliable,  yet  in  this 
case  the  manufacturer  is  dependent  upon  power  service. 
In  case  of  any  interruption  of  the  central  station  service 
his  ovens  are  closed,  thus  stopping  all  production  and 
possibly  causing  a  material  loss  of  product. 

The  third  and  more  modern  system  of  applying  heat 
to  japanning  ovens  consists  of  the  so-called  air-heated 
tjrpe,  in  which  the  ventilating  air  and  radiant  heating 
means  are  both  maintained  at  the  desired  temperature 
by  the  combustion  of  oil  or  gas  in  a  small  separate  oven 
composed  of  refractory  materials  that  serves  as  a  fire- 
box or  combustion  chamber  in  which  the  fuel  is  burned. 
Mounted  above  this  is  a  series  of  air  heaters  which  are 
divided  into  three  groups.    The  first  and  smallest  group 
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is  employed  to  supply  preheated  air  for  the  combustion 
of  the  fuel  in  the  heating  oven.  The  second  and  largest 
group  is  used  to  heat  a  volume  of  circulating  air  which 
passes  through  flues  arranged  longitudinally  along  the 
sides  of  the  oven  and  out,  returning  through  a  blower  to 
the  heaters.  This  volume  of  air  serves  to  transfer  the 
heat  which  is  produced  at  high  temperatures  in  the 
combustion  oven,  to  the  material  to  be  japanned,  where 
the  temperatures  are  relatively  much  lower.  One  large 
installation  of  this  kind,  which  may  be  considered  typi- 
cal, has  been  designed  on  the  basis  of  650  deg.  fahr.  for 
the  temperature  of  the  air  entering  the  radiating  flues 
and  450  deg.  fahr.  for  the  air  when  leaving  the  radiating 
flues.  The  third  set  of  heaters  employed  in  this  system 
is  used  to  preheat  the  air  used  for  ventilating  purposes, 
thereby  overcoming  one  of  the  serious  difficulties  experi- 
enced with  the  earlier  type  of  electrically-heated  oven, 
namely,  the  lack  of  uniform  temperature  throughout  the 
different  portions  of  the  oven. 

It  will  be  noted  that  this  latter  air-heated  type  of 
japanning  oven  permits  of  securing  all  of  the  advantages 
of  the  other  types,  with  the  additional  advantages  of 
economy,  reliability  and  controllability.  It  will  be  appar- 
ent that  by  the  use  of  large  radiating  flues  which  cover 
substantially  the  entire  sidewalls  of  the  oven,  and  are 
maintained  at  temperatures  about  200  deg.  higher  than 
that  of  the  oven,  a  large  amount  of  radiant  heat  is  ap- 
plied to  the  material  to  be  japanned,  with  the  resultant 
advantages  which  have  been  outlined.  On  the  other  hand, 
the  preheating  of  the  circulating  air  insures  that  a  large 
amount  of  warm  entering  air  will  be  at  all  times  pass- 
ing through  all  portions  of  the  oven,  thus  eliminating 
the  "cold  pockets"  which  are  a  troublesome  feature  of 
the  electrically-heated  oven.  This  forced  circulation  of 
warm  gases  also  prevents  the  accumulation  of  the  rela- 
tively heavy  volatile  products  formed  in  the  drying  of  the 
japan.  The  fact  that  the  pressure  within  the  japanning 
oven,  by  this  system,  is  somewhat  greater  than  the  ex- 
ternal atmospheric  pressure,  although  only  a  small  frac- 
tion of  an  ounce,  overcomes  the  difficulty  which  is  some- 
times acute  in  the  electrically-heated  oven  resulting  from 
the  flowing  in  of  cold  air  in  the  horizontal  type  of  oven, 
owing  to  the  draft  induced  by  the  exit  of  the  circulating 
air. 

On  the  present  basis  of  fuel  oil,  at  approximately  4 
cents  per  gal.,  it  has  been  found  that  an  oil  consumption 
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of  not  over  50  gal.  per  hr.  will  entirely  supply  heat  to  a 
continuous  body  japanning  oven  140  ft  long  and  having 
an  hourly  output  of  at  least  12  automobile  bodies.  This 
results  in  an  actual  fuel  saving  equal  to  nearly  two-thirds 
of  the  cost.  In  the  case  of  the  air-heated  oven  described 
above  it  will  be  noted  that  none  of  the  products  of  com- 
bustion enter  the  oven,  and  therefore  the  difficulties  in- 
herent in  the  earlier  types  of  gas-heated  ovens  are 
avoided.  Obviously  no  soot  or  water  vapor  is  carried 
into  the  oven  from  the  heating  chamber. 

Temperature  Control 

To  produce  work  of  a  high  quality  continuously,  the 
absolute  control  of  the  temperature  throughout  the  jap- 
anning oven  is  essential.  From  the  foregoing  discussion 
on  the  properties  and  characteristics  of  japan,  it  will  be 
evident  that  if  the  time  in  which  the  bodies  are  submitted 
to  the  baking  temperature  is  kept  constant,  the  tempera- 
ture also  must  be  maintained  constant  or  the  japan  will 
be  either  under-dried  or  over-baked.  Commercial  prac- 
tice has  finally  reduced  successful  temperature  control  to 
the  basis  of  a  pyrometer  operated  either  by  a  thermo- 
couple or  a  variable  resistance.  In  either  case,  the 
change  in  an  electric  current  caused  by  the  change  in 
the  oven  temperature  operates  a  meter  which  is  con- 
nected to  a  relay.  The  relay  is  used  to  close  a  power 
circuit  controlling  an  electrically-operated  switch,  in  the 
case  of  an  electrically-heated  oven,  or  an  electrically- 
operated  oil-and-air  valve,  in  the  case  of  the  air-heated 
oven.  The  quickness  of  response  to  slight  temperature 
variations  is  substantially  the  same  in  both  cases. 

In  the  case  of  an  oven  75  to  150  ft.  long,  it  is  usually 
good  practice  to  divide  the  temperature  control  of  the 
oven  into  two  or  more  sections,  each  of  which  may  be 
controlled  individually.  It  is  not  uncommon  in  the  case 
of  an  oven  135  ft.  long  to  place  four  thermocouples  in 
the  roof  along  the  center  line  of  the  oven  at  approxi- 
mately equal  intervals.  In  this  case,  the  four  sections 
of  the  oven  would  be  controlled  individually  and  auto- 
matically. It  is  also  common  practice  to  provide  manual 
control  in  addition  to  the  automatic  control,  in  order 
that  the  temperature  of  the  oven  as  a  whole  can  be  varied 
when  necessary.  The  necessity  for  such  variation  has 
resulted  very  largely  from  the  use  of  natural  draft,  and 
the  consequent  variation  of    oven    performance    with 
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variation  is  materially  less  in  the  case  of  those  ovens  in 
which  the  ventilating  air  is  preheated  and  supplied  under 
slight  pressure,  so  that  oven  conditions  and  air  circula- 
tion are  independent  of  weather  variations. 

It  has  been  previously  pointed  out  that  essentially  the 
japanning  oven  consists  of  an  insulated  box  provided 
with  heating  means  and  conveyor  equipment.  There  are 
naturally  many  different  mechanical  constructions  in  use, 
many  of  which  give  satisfactory  results.  From  the 
standpoint  of  heat  insulation  it  is  good  practice  to  have 
the  walls  at  least  4^/^  in.  thick,  and  in  case  electric  power 
is  used  for  heating,  a  materially  greater  thickness  is 
warranted  because  of  the  decided  economy  obtained  in 
operation.  It  is  desirable^  in  designing  the  oven,  to  have 
a  minimum  of  exposed  radiating  surface  per  unit  volume 
•of  useful  oven  space.  In  other  words,  when  possible,  two 
or  more  ovens  should  be  grouped  together,  thus  reducing 
radiating  losses.  In  connection  with  the  location  of 
ovens,  it  may  be  pertinent  to  suggest  that  in  many  cases 
they  can  be  placed  on  the  roof,  thus  economizing  floor 
space. 

In  constructing  a  japanning  oven  it  is  essential  that 
the  walls  be  air-tight  in  order  that  there  may  be  no 
leakage  of  gases  either  into  or  out  of  the  oven,  other 
than  as  provided  by  the  ventilating  equipment.  The  oven 
structure  should  be  as  light  as  possible  consistent  with 
mechanical  strength.  Consideration  must  be  given  in 
the  design  to  the  fact  that  in  a  length  of  100  to  150  ft. 
the  total  expansion  resulting  from  a  temperature  change 
of  about  400  deg.  f ahr.  may  be  several  inches.  Particu- 
larly in  case  ventilating  and  heating  flues  are  introduced 
and  designed  to  operate  at  higher  temperatures  than  the 
remainder  of  the  oven,  the  factor  of  thermal  expansion 
must  be  considered.  Much  stress  has  been  laid  upon  the 
desirability  of  avoiding  all  so-called  "through  metal"  in 
oven  construction.  Undoubtedly  all  metal  which  extends 
from  the  inside  of  the  oven  to  the  exterior  serves  as  a 
source  of  loss  by  heat  conduction,  but  it  is  my  opinion 
that  in  many  cases  this  factor  has  been  unduly  empha- 
sized for  trade  reasons,  and  possibly  with  a  sacrifice  of 
other  advantages. 
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CURRENT  DEVELOPMENT  OF  AUTO- 
MOTIVE INDUSTRIES 

By  J  E  ScHiPPER^ 


The  paper  survej^  the  economic  and  engineering  as- 
,  pects  of  the  automotive  industry,  so  that  engineers  can 
align  themselves  with  its  future  development.  Better 
performance  and  longer  life  due  to  improved  design 
and  materials  distinguish  the  1920  car  from  its  prede- 
cessors. One  of  the  healthiest  signs  in  the  industry  i» 
the  uniform  determination  of  practically  every  manu- 
facturer to  improve  the  quality  of  his  product.  The 
designer  has  been  forced  to  extend  himself  in  getting 
the  highest  possible  output  from  the  smallest  possible 
units.     This  trend  is  very  noticeable. 

Conditions  relating  to  prices,  the  return  to  peace- 
time production,  the  potential  demand  for  cars  and 
the  present  supply,  and  the  probable  improvements  in 
cars  are  then  reviewed,  the  thought  then  passing  to 
a  somewhat  detailed  discussion  of  detachable-head 
engines.  Heating  devices  for  intake  manifolds  are  next 
•onsidered,  followed  by  a  rather  lengthy  rehearsal  of 
the  factors  involved  in  connection  with  wheels  and 
axles  and  the  subject  of  pneumatic  tires  for  trucks.  A 
discussion  of  truck-engine  development  is  presented. 
A  resum^  of  production  statistics  is  given,  the  predic- 
tion of  increased  production  being  made  unanimously 
by  the  executive  heads  of  factories.  The  labor  outlook 
is  then  treated.  Standardization  as  an  accomplish- 
ment of  the  Society  is  mentioned,  the  attractions  of  a 
world  market  are  pictured  and  the  possibilities  of  the 
motor-truck  industry  are  enumerated. 

Now  that  the  two  great  automobile  shows  are  over, 
we  have  a  bird's-eye  view  of  the  year's  developments.  It 
is  not  only  interesting  but  of  the  greatest  importance 
to  those  of  us  who  earn  our  livelihood  from  this  great 
industry  to  take  a  survey  of  its  economic  and  engineer- 
ing aspects,  in  order  that  we  may  align  ourselves  with  its 
future  development. 

Better  performance  and  longer  life  due  to  improved 
design  and  materials  distinguish  the  1920  car  from  its 
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is  the  uniform  determination  of  practically  every  manu- 
facturer in  the  field  to  improve  the  quality  of  his  product. 
The  high  relative  demand  is  only  one  reason  for  the 
higher  prices.  Besides  this  the  higher  labor  and  material 
costs  are  factors,  but  even  were  it  not  for  these  consid- 
erations, the  better  materials  and  workmanship  would  in 
themselves  be  causes  of  increased  price.  The  realization 
of  the  fact  that  to  stay  in  business  it  is  necessary  to  build 
a  good  car  is  responsible  for  the  effort  of  manufacturers 
to  produce  the  best  that  is  possible  in  the  price-range 
served.  Owners  are  demanding  performance  from  the 
low-priced  cars  to  just  as  great  an  extent  as  from  the 
higher-priced  products,  the  greatest  differences  being  in 
the  finish,  upholstery  and  the  size.  The  demand  for  ac- 
celeration and  high-gear  performance  is  greater  now  than 
it  ever  was,  and  it  has  forced  the  designer  to  extend  him- 
self in  getting  the  highest  possible  output  from  the  small- 
est possible  units.  This  trend  is  very  noticeable  this  year. 
Prices  are  not  going  to  come  down  yet.  When  the  War 
Industries  Board  in  the  late  summer  of  1918  ordered  the 
industry  to  go  on  a  100  per  cent  war  basis  by  Jan.  1, 
1919,  it  set  in  motion  a  chain  of  events  which  has  had 
its  effect  upon  every  branch  of  automobile  manufacture 
and  sales  and  left  an  impression  on  the  industry  which 
will  be  noted  for  a  long  time  to  come.  In  the  first  place, 
production  immediately  started  to  decline,  until  it  had 
dropped  far  below  demand.  Then  came  the  aimistice  and 
an  immediate  scramble  on  the  part  of  the  factories  to  get 
back  to  a  peace  basis.  Naturally,  the  first  thought  in 
the  mind  of  the  majority  was.  that  we  would  have  the 
post-war  car.  The  automobile  manufacturer,  it  was 
thought,  had  during  the  war  period  prepared  a  design 
which  would  be  ready  for  the  public  as  soon  as  the  war 
ended.  It  was  therefore  with  a  rather  expectant  attitude 
that  the  general  public  and  most  of  the  dealers  approached 
the  show  in  1919  and  awaited  announcements  during  the 
early  part  of  the  year.  But,  this  was  not  to  be,  and  a 
moment's  thought  will  readily  show  why.  The  engineer- 
ing brains  of  the  industry  which  in  peace  times  would  be 
focused  on  the  drafting-board,  in  getting  out  new  designs 
of  car  and  truck,  were  busily  engaged  in  ordnance,  quar- 
termaster and  aircraft  service.  New  tools  were  scarce 
and  even  if  designs  had  been  produced,  tooling  for  pro- 
duction would  have  been  impossible.  The  result  was 
naturally  just  what  would  have  been   expected.     The 
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manufacturer,  to  meet  to  some  extent  the  demands  of 
the  dealers  who  swarmed  into  his  offices  imploring  him 
for  cars,  had  to  go  back  to  where  he  left  off  and  continue 
the  old  model  with  what  few  minor  improvements  had 
been  decided  upon  before  the  armistice. 

It  was  not  easy  for  many  of  the  manufacturers  to  get 
back  to  the  peace-time  production.  Those  who  made  war 
products  that  were  closely  related  to  their  regular  work 
were  in  an  advantageous  position,  and  naturally  were 
soon  grinding  out  a  fairly  reasonable  production.  On 
the  other  hand,  factories  which  had  taken  out  all  of  their 
own  machinery  and  installed  Government  machinery  in 
its  place  were  in  a  bad  situation.  One  company,  for  in- 
stance, had  ripped  out  its  entire  upholstery  department, 
had  installed  sewing  machines  and  was  busy  turning  out 
trousers  for  the  soldiers.  It  is  impossible  to  switch  over- 
night from  trousers  to  upholstery.  Furthermore,  the 
Government  was  not  altogether  too  rapid  about  settling 
financial  adjustments,  and  the  outstanding  capital  was 
a  sore  handicap  to  many  a  plant  that  had  invested  heavily 
in  special  machinery  and  materials  to  carry  on  war  work. 
All  of  this  caused  a  delay  in  getting  started,  which  not 
only  allowed  the  pent-up  demand  to  increase,  but  fur- 
nished a  real  opportunity  for  the  engineering  department, 
which  had  come  back  from  the  war,  to  concentrate  on  new 
designs.  The  result  is  that  the  1920  cars,  which  have  just 
made  their  appearance,  and  those  which  will  break 
through  the  shell  during  the  year  of  1920  are  the  first 
real  post-war  products. 

It  is  estimated  that  today  there  is  a  potential  demand 
for  2,000,000  cars.  This  started  to  accumulate  in  1918. 
Up  through  1917,  demand  and  supply  were  running  a  ver>' 
close  race,  growing  about  uniformly,  and  there  was  a 
fairly  easy  absorption  of  the  1,800,000  cars  produced  that 
year.  It  was  estimated  that  the  production  for  1918 
would  be  2,500,000.  Instead  of  that  only  about  1,000,000 
were  produced,  because  of  the  war.  Production  totals 
for  1919  were  1,587,000.  If  demand  had  increased  only 
as  fast  as  normal,  the  2,000,000  shortage  would  be  a  con- 
servative estimate. 

There  is  every  reason  to  believe  that  the  spring  of  1920 
will  witness  the  greatest  buying  activity  ever  seen  in  the 
automobile  field,  just  as  this  winter  the  demand  for  en- 
closed ears  is,  and  will  be,  far  in  excess  of  the  possible 
production  of  these  vehicles.  At  present  there  are  be- 
tween 6,000,000  and  7,000,000  cars  and  trucks  on  the 
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streets  and  roads  of  the  country;  in  five  years  there 
should  be  15,000,000.  The  extent  to  virhich  the  truck  and 
passenger  car  will  displace  other  forms  of  transportation 
is  governed  by  only  two  things ;  the  production  of  vehicles 
and  the  building  of  good  roads. 

In  1912  we  had  325  manufacturers  of  passenger  cars. 
Today  we  have  less  than  100  who  are  actually  producing. 
But  those  who  are  in  business  now  have  seen  the  error 
in  the  ways  of  many  who  have  failed,  simply  because  the 
car  was  built  for  a  price  and  dumped  upon  the  market 
with  consideration  for  the  life  and  performance  of  the 
car  given  last  place.  It  is  recognized  that  the  first 
requisite  of  an  automobile  manufacturer  today  is  that 
he  build  a  good  automobile,  even  before  he  gets  a  good 
sales  department  or  an  efficient  advertising  manager,  and 
it  is  this  spirit  and  knowledge  that  are  responsible  for 
the  trend  toward  improvement.  The  industry  and  the 
product  are  in  a  period  of  change.  The  consolidation  of 
capital  and  the  vast  production  required  to  build  a  low- 
priced  car  is  forcing  this  business  into  the  hands  of  a 
very  few  large  producers  and  here  it  is  likely  to  remain 
unless  some  inventor  of  tremendous  genius  can  show  a 
way  to  build  a  better  car  for  less  money.  The  new  cars 
are  automatically  forced  into  a  class  selling  for  $1,500 
and  upward.  It  is  in  this  field  that  we  shall  find  the  new 
cars,  and  there  are  many  of  them  to  come.  At  present 
there  are  probably  a  dozen  new  active  organizations  pre- 
paring to  put  out  cars,  some  of  them  on  a  large  scale. 

Improvements  in  the  cars  are  taking  on  definite  shape, 
and  it  is  not  difficult  to  trace  the  probable  trends  for  the 
next  two  years.  Probably  the  most  noticeable  develop- 
ment will  be  the  great  replacement  of  the  touring  car  by 
the  sedan  and  other  types  of  enclosed  bodies  in  the  higher- 
priced  cars,  and  a  vastly  greater  percentage  of  enclosed 
cars  as  compared  with  open  in  the  lower-priced  field. 
One  company,  for  instance,  which  three  years  ago  had  an 
enclosed-car  schedule  of  about  15  per  cent,  is  now  making 
60  per  cent  enclosed  cars.  Others  are  following  suit. 
The  number  of  enclosed  bodies  sold  is  governed  by  the 
production,  and  this  in  turn  has  been  materially  affected 
by  the  labor  troubles  which  are  so  widespread.  In  the 
past  few  weeks,  for  instance,  the  coal  strike  has  greatly 
cut  into  the  supply  of  glass,  and  the  result  is  a  curtail- 
ment. The  upholstery  and  trimming  departments  of  a 
number  of  factories  have  been  affected  also,  but  as  fast 
as  these  troubles  are  cured,  production  will  mount  and 


Digitized 


by  Google 


844  THE  SOCIETY  OF  AUTOMOTIVB  ENGINEERS 

the  sedan  will  eventually  occupy  the  place  now  held  by 
the  touring  car. 

Detachable-Head  Engines 

Probably  the  most  significent  improvement  and  tend- 
ency in  engines  from  the  repairman's  as  well  as  the  manu- 
facturer's standpoint  is  that  of  the  detachable-head 
engine.  This  is  notably  on  the  increase  and  in  fact  it 
can  be  stated  that  not  a  single  important  new  engine 
has  been  brought  out  this  year  which  is  not  of  this  type. 
A  particularly  interesting  detail  in  connection  with  the 
detachable  head  is  the  practice  of  putting  small  lips  or 
lugs  on  the  casting  so  that  the  repairman  can  remove  it 
without  damaging  the  gasket.  With  the  ordinary  flush 
type  of  top  it  was  necessary  to  use  a  cold  chisel  to  start 
the  head  after  the  studs  had  been  removed,  and  this  in 
every  case  necessitated  the  replacement  of  the  head  gasket 
With  the  lips  or  lugs  now  cast  on  the  head,  it  is  possible 
to  start  its  removal  without  damaging  the  gasket,  which 
permits  the  use  of  the  same  gasket  upon  replacing  the 
head.  The  detachable  head,  of  course,  provides  greater 
accessibility  for  cleaning  carbon  and  for  inspecting  the 
cylinder  bore.  It  also  permits  the  manufacturer  to  ma- 
chine the  combustion  chambers  accurately,  thus  securing 
absolutely  even  compression  in  all.  With  the  overhead 
type  of  valve  in  connection  with  the  detachable  head,  the 
entire  valve  assembly  and  rocker-arm  units  are  removable 
together  with  the  head,  making  it  possible  to  work  on  a 
bench  where  the  light  is  better  and  it  is  easier  to  use 
the  desired  tools. 

In  connection  with  the  valve-in-head  engine,  some  new 
ideas  have  been  brought  forward  this  year  and  incor- 
porated on  a  great  many  of  the  new  products.  I  refer 
particularly  to  the  use  of  an  open-sided  cylinder-casting 
on  the  side  on  which  are  located  the  valve-rods.  An  alum- 
inum cover-plate  is  put  over  the  open  side,  which  extends 
down  into  the  crankcase,  thus  providing  a  clear  opening 
from  the  head  down  to  the  case,  allowing  the  oil  spray 
to  be  thrown  up  to  the  overhead-valve  mechanism  and 
permitting  it  to  operate  in  an  oil  mist.  The  criticism  of 
noise  which  was  generally  directed  against  overhead- 
valve  engines  a  few  years  ago,  has  been  distinctly  over- 
come in  the  new  models. 

A  feature  on  all  of  the  new  engines  is  that  the  crank- 
shaft and  the  crankshaft  bearings  are  being  made  so 
heavy  that  it  is  probable  that  there  will  be  fewer  cases 
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of  bearing  trouble  in  these  new  engines  than  ever  before. 
It  is  not  unusual  for  crankshafts  to  run  up  well  over  2  in. 
on  engines  of  the  size  which  formerly  employed  1%-in. 
shafts.  Pressure-feed  oiling,  which  supplies  the  oil  in 
sufficient  quantities  to  cool  as  well  as  lubricate  the  bear- 
ings, has  rendered  these  heavy  shafts  possible;  and  by 
their  use  the  periodic  vibration  has  been  practically  elim- 
inated.' On  many  of  the  new  cars  it  is  possible  to  remove 
the  oil-pump  from  the  exterior  of  the  crankcase  by  with- 
drawing exterior  cap-screws.  This  is  a  point  which  will 
be  appreciated  in  cleaning  out  the  oiling  system  and  in 
overhauling  the  pump,  particularly  by  those  who  have 
had  in  some  cases  to  tear  the  engine  down  to  reach  the 
pump. 

Aluminum  Pistons 

While  aluminum  pistons  are  used,  they  are  not  giving 
the  trouble  which  was  formerly  experienced  with  them 
when  it  was  attempted  to  cast  aluminum  pistons  from 
ejcactly  the  same  pattern  as  was  used  for  an  iron  piston. 
It  has  been  realized  that  the  characteristics  of  the  metal 
must  be  taken  into  consideration  in  manufacturing  an 
aluminum  piston,  and  the  result  is  that  the  correct  clear- 
ances have  now  been  discovered  and  the  correct  method 
of  stiffening  the  piston  has  been  utilized  to  the  elimina- 
tion of  trouble.  It  is  of  interest  to  note  that  where 
aluminum  pistons  were  formerly  used,  first  for  their 
lightness  and  second  for  their  heat-dissipating  qualities, 
the  situation  has  now  been  reversed  and  all  of  the  alum- 
inum pistons  are  of  heavy  section  to  secure  the  dissi- 
pating qualities,  with  lightness  a  secondary  considera- 
tion. In  fact,  some  of  the  new  iron  pistons  are  practically 
as  light  as  the  aluminum  pistons.  On  the  other  hand, 
another  company  has  this  year  returned  to  iron  castings 
in  place  of  aluminum  fo/  the  cylinder  blocks.  However, 
these  castings  have  been  so  carefully  designed  and  are 
relatively  so  light  that  it  is  estimated  that  there  is  only 
50  lb.  difference  per  engine,  due  to  the  use  of  the  iron 
cylinders.  One  engine  uses  an  aluminum  cylinder  casting 
with  what  may  be  known  as  the  wet-sleeve  construction, 
as  the  cast-iron  sleeve  fits  directly  into  the  aluminum 
casting  in  such  a  way  that  the  water  is  between  the  sleeve 
and  casting  and  washes  directly  against  the  outside  of 
the  cast-iron  liner.  This  construction  is  used  in  Europe 
to  some  extent,  but  this  is  the  only  American  factory 
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following  this  practice.  Aluminum  has  been  used  very 
extensively  by  manufacturers  generally  this  year.  One 
new  small  six-cylinder  car  has  an  L-head  engine  with 
the  detachable  head  an  aluminum  casting  incorporating 
the  intake  manifold.  This  exposes  the  lower  part  of  the 
intake  manifold  to  the  heat  of  the  combustion  chamber 
and  assists  in  vaporizing  the  gasoline. 

Heating  Devices  for  Intake  Manifolds 

The  question  of  hot-spotting  intake  manifolds  has  con- 
tinued to  occupy  the  minds  of  -engineers,  but  there  has 
been  an  almost  universal  drifting  toward  the  practice  of 
arranging  the  hot-spot  so  that  only  the  liquid  or  un- 
vaporized  portions  of  the  fuel  come  in  contact  with  it. 
In  one  type  of  design  the  inertia  of  the  liquid  or  un- 
vaporized  fuel  is  made  use  of.  These  heavier  particles 
have  by  their  own  mass  sufficient  kinetic  energy  to  carry 
them  across  to  the  hot  walls,  whereas  the  vaporized  por- 
tions pass  directly  into  the  intake  passage  and  to  the 
valve  ports.  On  one  of  the  season's  newer  engines,  the 
heavier  portions  by  their  own  weight  lie  along  the  bottom 
of  the  intake  passage,  which  is  integral  with  the  alum- 
inum engine  head,  and  these  are  vaporized  by  the  heat 
of  the  combustion  chamber.  In  another,  an  eight,  the 
intake  is  exhaust-jacketed,  and  owing  to  the  fact  that  the 
intake  bridge  is  across  the  V  between  the  engine  blocks, 
there  is  a  surging  action  of  the  gases  to  and  fro  from 
one  block  to  the  other,  this  giving  the  desired  impinging 
effect  to  assist  in  vaporization.  Another  bums  a  portion 
of  the  fuel  by  means  of  a  spark-plug  inserted  in  the  mani- 
fold, to  heat  the  ingoing  charge.  Several  other  engine 
types  allow  the  intake  gases  to  pass  across  between  the 
two  central  cylinders  of  the  block.  A  new  stock  engine 
which  will  be  used  in  a  great  many  of  the  assembled  cars, 
possibly  twenty-five  at  the  present  vn*iting,  incorporates 
an  exhaust-jacketed  manifold,  the  intake  being  cast  in- 
tegrally with  the  exhaust  and  in  contact  with  it  to  a  cer- 
tain degree  to  assist  vaporization. 

Some  of  the  engine  details  which  are  particularly 
noticeable  are  the  trend  toward  larger  valves  and  ports, 
the  use  of  die-cast  babbitt  bearings  for  the  rods  and  main 
bearings,  chain  drive  for  the  timing-gears,  and  more  com- 
plete distribution  of  the  oil  pressure  feed  to  different 
parts  of  the  engine.  The  use  of  the  die-cast  bearings 
makes  it  necessary  in  a  great  many  instances  to  return 
the  rods  or  main  bearings  direct  to  the  factory  for  re- 
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placement,  unless  the  repairman  is  equipped  to  do  his  own 
die-casting  on  a  mandrel.  This  is  not  an  easy  job  to 
handle  without  special  equipment  and  consequently  this 
new  construction  will  result  in  handling  bearing  repairs 
by  replacing  the  entire  assembly,  with  allowance  being 
made  for  the,  part  turned  in.  Iron-backed  bearings  in- 
stead of  bronze-backed  are  claimed  to  have  advantages. 

Clutches  do  not  show  much  change  this  year  as  far  as 
construction  is  concerned.  There  has,  however,  been  a 
tendency  toward  the  adoption  of  the  dry-plate  type  by 
a  great  many  manufacturers.  One  three-plate  type  is 
used  on  nearly  sixty  makes.  The  number  of  plates  util- 
ized runs  all  the  way  from  three  to  seventeen ;  three,  five, 
eleven  and  seventeen  being  the  predominating  numbers. 
An  attempt  has  been  made  by  some  of  the  manufacturers 
to  increase  the  leverage  of  the  clutch  pedal  to  make  the 
car  easier  to  handle,  particularly  by  women,  and  in  this 
respect  there  are  some  notably  good  designs.  Short  travel 
at  the  clutch  for  disengagement  is,  of  course,  easier  with 
fewer  plates. 

Unit  powerplant  construction  has  remained  popular. 
Only  one  new  car  to  be  made  in  quantities  this  year  does 
not  use  it.  The  Hotchkiss  drive  continues  to  be  popular, 
but  recently  there  has  been  some  talk  among  engineers 
of  dropping  it  in  an  attempt  to  secure  easier  spring  sus- 
pension. Two  new  cars  exhibited  at  New  York  for  the 
first  time  had  torque  members.  One  has  a  tube  which 
encloses  the  entire  drive,  and  a  triangular  stay  layout 
from  the  front  end  of  the  torque  tube  back  to  the  outer 
extremities  of  the  rear  axle.  The  other  has  a  torque 
arm  and  radius-rods. 

Wheels  and  Axles 

Semi-floating  rear  axles  are  gaining  in  popularity  and 
there  is  a  tendency  toward  redesigning  the  axle  for  light- 
ness. Some  of  the  newer  axles  have  bearings  on  both 
ends  of  the  pinion  shaft,  which  tends  toward  stiffness 
and  also  permits  of  a  single  pinionnshaft  carrier  which 
can  be  removed  as  a  unit.  All  of  the  newer  types  of  axle 
have  very  accessible  adjustments  for  the  pinions  and 
ring-gear  mesh,  from  the  outside  of  the  axles.  The  em- 
ployment of  aluminum  axle  housings  can  be  expected  in 
the  near  future.  Castings  have  already  been  introduced 
which  are  said  to  be  satisfactory  for  this  part  of  the 
chassis.  Although  this  is  more  expensive  than  the  pres- 
ent construction,  it  results  in  a  material  reduction  of  un- 
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sprung  weight,  which  a  great  many  manufacturers  deem 
of  the  utmost  importance. 

The  use  of  aluminum  wheels  is  also  among  the  future 
possibilities,  the  new  castings  shown  at  the  New  York 
and  Chicago  exhibits  having  attracted  notable  interest 
It  is  stated  that  it  will  be  possible  to  provide  wheels  for 
a  3000-Ib.  touring  car  weighing  but  19  lb.  apiece,  which 
of  course  would  make  a  material  reduction  over  present 
types,  although  no  doubt  much  more  expensive. 

There  has  been  some  lengthening  of  wheelbase  due  to 
a  desire  to  increase  body  room.  On  the  other  hand,  some 
manufacturers  have  shortened  the  wheelbase  and  yet  ac- 
complished a  great  deal  in  the  bodies.  The  most  notable 
instance  of  this  is,  of  course,  the  overhung  frame.  Frame 
side  members  have  been  deepened  almost  universally  and 
the  transverse  members  have  been  more  firmly  gusseted 
than  ever.  In  the  chassis  oiling  system  there  has  been 
an  increase  in  the  use  of  the  high-pressure  grease-gun 
type  of  lubrication,  which  is  used  on  a  great  many  cars 
now  as  stock  equipment.  The  oil-cups  have  continued  to 
increase  at  the  expense  of  the  ordinary  type  of  grease- 
cups.  One  car  at  the  New  York  show  with  a  centralized 
system  of  chassis  lubrication  excited  a  great  deal  of 
interest^  and  it  may  be  that  some  of  the  features  incor- 
porated in  this  will  find  their  way  into  other  chassis. 
Some  of  the  new  models  in  the  lower-priced  class  have 
gone  to  the  transmission-shaft  brake.  Whether  this  will 
be  a  definite  tendency  remains  to  be  seen.  It  certainly 
results  in  cleaning  up  the  chassis  and  freeing  it  from  an 
extra  set  of  brake-rods,  and  also  provides  an  efficient 
brake  for  emergency  use.  In  all  cases  where  the  trans- 
mission brake  has  been  installed,  it  has  been  for  the  hand- 
brake and  not  the  foot-brake.  The  straight-line  type  of 
body  predominates  this  year.  There  is  a  tendency  toward 
the  abandonment  of  the  bevel  edge  which  becaine  popular 
two  years  ago.  A  sharp  angular  break  at  the  hood,  con- 
tinued back  to  the  rear  end  of  the  body,  is  noticeable  in 
a  great  many  of  the  new  types,  and  it  might  be  called  the 
distinguishing  line  of  the  1920  products. 

Pneumatic  Tires  for  Trucks 

In  outlining  the  engineering  trends  of  truck  design, 
the  paramount  feature  is  the  tendency  toward  pneumatic 
equipment  in  the  capacities  above  2-ton.  If  this  develop- 
ment goes  forward  at  the  rate  predicted  by  the  big  tire 
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manufacturers  and  a  great  many  of  the  truck  builders, 
it  will  have  a  radical  effect  on  truck  design  during  the 
next  tv^ro  years.  Pneumatic-tire  sizes  above  12  in.  in 
diameter  have  already  been  developed  and  it  remains  to 
be  seen  whether  the  truck  manufacturers  will  use  them 
on  the  heavier-capacity  trucks.  If  they  do,  it  will  mean 
higher  speed  and  lighter  chassis  parts  and  in  general  a 
higher  pay-load  proportion  as  compared  with  the  weight 
of  the  truck.  Up  to  date,  the  development  work  along 
these  lines  has  been  done  by  the  tire  companies  to  a 
greater  extent  than  by  the  truck  companies.  During  the 
coming  year  the  experimental  departments  of  the  larger 
truck  companies  will  no  doubt  go  into  the  matter  in  even 
greater  detail  than  the  tire  manufacturers  have  during 
the  past  year.  The  establishment  of  long-distance  haul- 
ing at  high  rates  of  speed  on  heavy-capacity  vehicles  has 
practically  compelled  the  use  of  the  pneumatic  tire  for 
this  type  of  service  at  least,  and  the  limitations  of  the 
truck  engine  and  chassis  designed  for  solid-tire  work 
have  soon  been  met  when  the  truck  was  mounted  on  pneu- 
matic tires.  Changes  in  the  speed  range  and  gear  ratios 
will  be  only  a  minor  part  of  the  complete  overhauling  in 
design  which  can  be  expected  from  this  important  devel- 
opment. 

Looking  over  the  new  models  brought  out  during  1919, 
the  fact  which  impresses  one  most  is  the  marked  effect 
upon  commercial  designs  made  by  the  Class  B  military  . 
truck.  That  this  truck  was  a  product  of  the  best  that 
the  combined  efforts  of  truck  engineers  were  capable  is 
the  belief  of  a  great  many  of  the  truck  manufacturers, 
if  the  eagerness  with  which  they  have  adopted  a  great 
many  of  the  features  of  this  truck  is  any  criterion.  To 
give  an  example  of  the  effect  of  the  military-truck  design 
on  commercial  practice,  it  is  only  necessary  to  study  the 
gearboxes  fitted  during  the  past  year.  In  the  Class  B 
military  truck  a  four-speed  gearbox  was  used  with  an 
extremely  low  gear  ratio  to  provide  a  practically  non- 
stallable  vehicle.  This  same  feature  has  been  incor- 
porated on  so  many  of  the  trucks  for  1920  that  it  has 
changed  the  percentage  tables  so  that  the  average  equip- 
ment on  trucks  of  2,  21/2,  31/2  and  5-ton  capacities  is  a 
four-speed  gearbox  for  1920,  whereas  it  was  three-speed 
for  1919. 

The  economic  situation  in  the  field  of  small-capacity 
trucks  is  not  as  tense  as  it  is  in  the  production  of  the 
low-priced  passenger-car.    A  truck  manufacturer  with  a 
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smaller  production  can,  in  common  parlance,  "get  away" 
with  a  fairly  small  production.  This  is  evident  by  the 
fact  that  there  are  ninety  different  models  of  IV^-ton 
truck  on  the  market,  and  seventy-three  models  of  2-ton. 
The  l^/^-ton  truck  is  the  most  popular  type,  filling  as  it 
does  the  widest  field.  However,  there  is  a  strong  tendency 
toward  an  increased  number  of  2-ton  trucks,  particularly 
in  territories  where  it  is  possible  by  means  of  good  roads 
to  develop  fairly  long  hauls.  The  increased  use  of  the 
pneumatic  tire  on  the  2-ton  truck  is  also  promoting  the 
popularity  of  this  model  to  a  considerable  extent. 

Truck  Engine  Development 

A  great  many  truck  engineers  believe  we  are  on  the 
eve  of  important  engine  developments  in  the  truck  field. 
There  is  no  doubt  that  these  developments  will  be  largely 
due  to  the  higher  speeds  demanded  of  trucks.  With  the 
fitting  of  pneumatic  tires  to  the  2  and  8^-ton  models, 
the  average  speeds  have  risen  from  12  to  18,  and  even 
to  25  m.p.h.  in  the  sparsely-settled  districts.  This  may 
prove  to  be  too  high  a  speed  range  for  the  type  of  truck 
engine  which  has  come  to  be  associated  with  the  solid 
tires.  These  engines,  running  at  1200  to  1400  r.p.m.,  may 
not  be  of  a  sufik^ient  speed  to  function  efiiciently  in  con- 
nection with  the  gear  ratio  demanded  with  the  pneumatic 
tires.  It  is  possible  that  truck  engines  will  peak  at 
nearer  1800  and  2000  r.p.m.  if  developments  in  the  pneu- 
matic tire  are  carried  forward.  It  is  very  probable  that 
on  these  higher-speed  engines  the  governor  equipment 
will  be  modified,  and  on  certain  types  of  service  not  be 
used.  As  a  matter  of  fact,  the  development  in  this  line  is 
controlled  very  largely  by  the  building  of  good  roads.  The 
future  development  of  the  truck  can  almost  be  said  to 
depend  upon  the  road  situation  throughout  the  country. 

At  the  present  time  there  are  about  2,500,000  miles 
of  good  roads  in  the  United  States,  of  which  less  than 
800,000  miles  are  hard-surfaced.  This  condition  will  no 
doubt  change  rapidly  during  the  next  few  years  on  ac- 
count of  the  big  appropriations  made,  not  only  by  the 
States  individually,  but  by  the  Federal  Government  for 
the  development  of  national  highway  systems. 

The  total  money  available  for  road  building  throughout 
the  United  States  is  about  $2,000,000,000,  of  which  about 
$400,000,000  is  available  for  the  development  of  the  na- 
tional highway  system.  This  immense  amount  of  money 
could  not  be  expended  in  less  than  three  years  with  present 
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labor  and  material  conditions.  The  fact,  however,  that 
referendums  on  road  appropriations  are  practically  al- 
ways carried  shows  that  there  is  a  marked  tendency 
throughout  the  country  for  the  development  of  highways. 

Mechanically,  there  have  been  very  few  changes  in 
truck  engines  during  the  past  year.  Manifolds  have  been 
redesigned  to  some  extent  so  that  the  intake  is  partially 
heated  by  the  exhaust  to  assist  in  vaporization  in  cold 
weather,  and  also  to  reduce  the  length  of  time  required 
to  warm  a  cold  engine.  Another  important  feature  is 
the  marked  tendency  toward  the  fitting  of  the  electrical 
equipment  on  trucks.  There  are  six  %-ton  models  on 
the  market  for  1920;  all  of  these  are  furnished  with  elec- 
tric lighting  and  two  have  starters  as  standard  equip- 
ment. Of  the  twelve  %-ton  models,  five  have  electric 
starting,  lighting  and  ignition.  In  the  1-ton  size,  two 
out  of  ten  are  furnished  with  electric  lighting  which  has 
been  specified  as  standard  equipment,  while  the  other 
eight  models  provide  it  at  an  extra  cost  varying  from 
$35  to  $125.  Of  eleven  other  1-ton  models,  which  can  be 
had  with  electric  starting  and  lighting,  only  one  model 
has  it  as  standard  equipment.  The  others  furnish  it  at 
extra  charge.  On  the  heavier  capacities  there  is  an  in- 
creasing tendency  toward  fitting  full  electric  equipment. 
Another  development  in  truck  engines,  which  will  follow 
along  the  line  of  developments  in  the  passenger-car  type, 
is  the  use  of  temperature  control.  At  present  there  is 
only  one  company  fitting  a  thermostat  to  its  truck,  but  it 
is  likely  that  others  will  follow  suit  during  this  year. 

In  the  development  of  clutches  there  is  not  itfiich  new 
to  relate.  The  dry-disk  clutch,  which  gained  supremacy 
in  the  field  during  1919,  still  carries  off  the  palm  for  1920 
as  most  popular.  Clutches  of  this  design  have  gone  up- 
ward of  75,000  miles  without  adjustment  on  passenger 
cars,  and  are  giving  equally  as  good  satisfaction  on  trucks 
even  in  the  heavier  sizes.  Transmission  gearsets  have 
not  varied  in  type,  except  for  the  addition  of  the  fourth 
speed.  There  have  been  no  noticeable  tendencies  in  de- 
sign in  this  part  of  the  truck;  the  gearset  is  more  or  less 
a  standard  matter. 

The  final-drive  situation  shows  a  gain  for  the  internal 
gear  when  considered  by  models.  Considered  by  produc- 
tion, the  status  remains  about  the  same  as  last  year, 
except  for  a  drop  in  the  use  of  chain-driven  vehicles.  Or, 
if  considered  by  models,  which  is  the  true  way  of  de- 
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terminirifir  popularity,  each  model  can  be  considered  a 
ballot  by  the  engineering  department  of  the  company 
producing  it,  the  internal-gear  drive  has  grown  to  26 
per  cent,  as  compared  to  19  per  cent  in  1919.  The  worm 
drive  has  remained  about  the  same,  the  percentage  being 
661/2  per  cent  for  1919  and  65  per  cent  for  1920.  The 
gain  of  the  internal  gear  has  been  at  the  expense  of  the 
chain  and  bevel  drives,  these  having  dropped  from  8% 
to  5  per  cent  and  from  5  to  3  per  cent  respectively.  There 
are  many,  however,  who  predict  that  there  will  be  a 
marked  increase  in  the  use  of  the  bevel  drive  if  the  pneu- 
matic tires  become  practically  universal  on  the  2  and  SVz- 
ton  sizes. 

Production  Statistics 

As  far  as  truck  prices  are  concerned,  there  is  very  little 
increase  over  the  average  price  of  1919,  considering  the 
labor  and  material  situation.  The  percentage  of  increase, 
as  a  matter  of  fact,  is  4.3  on  all  models,  and  the  largest 
price  increase  is  12.4  per  cent  on  trucks  of  3-tons  capac- 
ity. The  prospect  for  a  reduction  in  truck  prices  is  not 
in  sight;  in  fact,  it  may  be  that  increases  in  prices  will 
be  prevalent  during  the  early  part  of  1920.  It  is  quite 
within  the  realms  of  possibility  that  prices  will  begin  to 
decline  toward  the  end  of  1920.  Production  will  increase. 
The  year  1920  will  probably  be  the  largest  in  the  history 
of  the  industry.  The  year  1919  has  proved  to  be  the 
largest  so  far.  The  production  for  1919  was  305,142; 
for  1918  it  was  250,000  and  for  1917,  190,000. 

In  spite  of  the  fact  that  the  industry  was  practically 
on  a  war  basis  Jan.  1,  1919,  making  possible  only  a 
small  production  during  the  first  three  months  of  recov- 
ery, 1,587,000  cars  and  305,000  trucks  were  made  during 
the  year.  This  is  only  slightly  less  than  1917,  a  normal 
peace-time  year,  when  1,741,000  cars  and  128,000  trucks 
were  manufactured.  Thus  the  passenger-car  business 
of  1919  can  be  said  to  have  been  practically  back  to  nor- 
mal and  the  truck  business  nearly  three  times  that  of 
the  last  normal  peace-time  year.  The  mere  figures  of 
production,  however,  do  not  begin  to  tell  the  story.  In 
spite  of  the  large  output,  the  supply  of  cars  was  far  below 
Irhe  demand,  and  it  is  conservatively  estimated  that  the 
year  of  1919  has  turned  over  to  1920  an  unsupplied  de- 
mand for  2,000,000  cars.    From  the  motor-truck  angle. 


Digitized 


by  Google 


CURRENT  DEVELOPMENT  OF  AUTOMOTIVE  INDUSTRIES        853 

the  opening  of  1920  saw  unfolded  the  brightest  prospects 
that  have  ever  confronted  the  business.  Turning  om* 
attention  again  to  the  passenger-car  industry,  we  find 
that  it  has  become  one  of  the  greatest  in  the  world.  The 
output  of  cars  for  1919  was  valued,  from  a  wholesale 
standpoint,  at  $1,400,000,000,  an  average  of  $882  per  car. 
If  production  had  kept  pace  with  demand,  the  value  of 
cars  produced  would  have  been  $3,000,000,000,  with  cash- 
in-hand  buyers,  both  wholesale  and  retail,  to  be  found  all 
over  the  country  and  in  fact  all  over  the  world,  waiting 
for  the  cars  of  American  manufacture. 

The  year  1920  has  two  big  problems.  The  first  that  of 
production,  and  the  second,  of  merchandising.  The  prob- 
lem of  production  is  governed  almost  solely  by  labor.  It 
is  the  labor  condition  which  holds  up  our  supply  of  glass, 
steel  or  other  basic  materials,  without  which  the  automo- 
bile cannot  be  built.  Remove  this  throttle,  and  produc- 
tion will  jump  ahead  at  an  amazing  rate.  The  waiting, 
ready  demand  keeps  moving  ahead  so  rapidly  at  present 
that  this  factor  of  production  overshadows  that  of  mer- 
chandising, and  yet  the  day  of  the  latter  is  so  surely  com- 
ing that  only  the  most  short-sighted  manufacturer  is  not 
making  ready  and  laying  his  plans  for  the  day  when  a 
well-organized  distribution  scheme  and  personnel  is  re- 
quired. Although  at  present  subdued  under  the  avalanche 
of  demand,  both  domestic  and  foreign,  the  merchandising 
fabric  which  was  destroyed  by  war  conditions  is  rapidly 
being  repaired.  Intensive  selling  methods  will  return  to 
use,  and  the  country  will  be  again  dotted  with  dealers 
and  sub-dealers  who  for  mere  lack  of  cars  were  forced  to 
suspend  temporarrly. 

Returning  to  the  production  angle,  the  automobile  in- 
dustry begins  to  loom  as  a  candidate  for  first  place  among 
the  manufacturing  industries  of  the  country.  Today  it 
is  second  only  to  steel  and,  with  the  great  amount  of 
other  products  involved  and  the  other  industries  directly 
and  indirectly  affected  by  automobile  manufacture,  it 
stands  today  as  probably  the  most  dominant  factor  in 
American  life.  Certainly  the  effect  of  the  pent-up  demand 
was  felt  in  the  spring  of  1919,  when  cars  were  at  such 
a  premium  that  options  on  delivery  were  selling  for  big 
prices.  The  world  is  scrambling  for  cars;  therefore, 
every  factory  is  going  to  make  every  possible  effort  dur- 
ing 1920  to  turn  out  all  the  cars  it  can.  This  situation  is 
bound  to  cause  the  creation  of  new  companies.    The  parts 
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manufacturers  are  so  overcrowded  with  orders  that  they 
cannot,  in  many  instances,  take  on  more  orders.  The 
result  is  that  the  next  year  will  probably  witness  a 
marked  increase  in  the  manufacture  of  parts  for  sale  to 
the  trade.  This  in  turn  will  cause  an  increase  in  the 
assembled-car  business  and  a  corresponding  augrmenta- 
tion  of  the  volume  of  the  industry. 
^  The  prediction  of  increased  production  is  made  unani- 
mously by  the  executive  heads  of  factories  who  have 
made  a  careful  study  of  this  situation.  An  average  of 
the  estimates  for  the  future  indicates  a  production  of 
2,250,000  cars  for  1920,  with  200,000  to  300,000  increase 
per  year  for  five  years  thereafter.  Certain  it  is  that  the 
old  bugaboo,  commonly  termed  the  saturation  point,  has 
ceased  to  be  held  up  with  trembling  hands  by  the  pessi- 
mistic. 

The  Labor  Outlook 

All  of  this  production  problem,  however,  depends  upon 
labor  conditions.  There  are  no  more  progressive  organi- 
zations in  the  world  than  the  American  automobile  manu- 
facturers. Taken  collectively,  there  are  no  industries  in 
which  the  workmen  are  better  paid  or  more  fairly  dealt 
with.  Like  all  other  industries,  that  of  automobile  manu- 
facture has  come  through  a  delicate  period  in  1919,  but 
1920  is  faced  with  the  confidence  that  the  policy  of  fair 
dealing  uniformly  adopted  will  keep  the  automobile  in- 
dustry as  free  as  any  other  from  labor  trouble.  In  fact, 
the  general  impression  is  that  we  are  emerging  from  the 
period  of  unrest.  Shortage  of  coal  and  steel  materially 
affected  production  during  December.  In  fact,  had  the 
coal  situation  not  cleared  up  when  it  did,  a  serious  shut- 
down would  have  resulted.  As  it  was,  many  of  the  fac- 
tories were  compelled  to  run  on  part  time,  and  others 
saved  themselves  from  a  complete  shutdown  by  using 
automobile  and  other  gasoline  engines  to  run  their  ma- 
chines. 

All  of  these  conditions  materially  affect  the  1920  pro- 
duction situation.  Passenger  cars  have  been  standardiised 
by  the  Society  of  Automotive  Engineers  to  such  a  degree 
that  an  interchange  of  parts  that  is  not  possible  in  any 
other  field  is  currently  practised.  This  feature  has  been 
the  source  of  envy  and  amazement  to  the  European  manu- 
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facturer,  who,  in  his  desire  to  maintain  individuality, 
lost  sight  of  the  possibilities  of  greatly  increased  national 
production  through  standardization.  It  makes  the. work 
of  assembling  cars  for  export  so  much  more  simple  that 
it  is  going  to  be  of  direct  influence  in  increasing  the  for- 
eign market  for  American  cars.  This  foreign  demand  is 
so  great  and  the  attractions  of  a  world  market  are  so  pro- 
nounced that  all  manufacturers  have  determined  to  enter 
the  lists  for  foreign  trade.  The  result  of  this  is  that 
most  factories  are  going  to  set  aside  a  certain  percentage 
of  their  production  for  export  regardless  of  the  domestic 
demand.  This  is  no  more  than  right.  It  is  a  patriotic 
duty,  as  a  matter  of  fact,  to  help  the  United  States  to 
establish  its  foreign  trade,  and  not  the  least  of  our  ex- 
ports during  the  coming  years  will  be  automobiles  and 
parts. 

The  truck  industry  offers  possibilities  that  bring  it,  in 
its  particular  field,  into  as  great  promise  as  that  of  the 
passenger  car.  During  the  year  1919  the  United  States 
manufactured  305,142  trucks.  Production  schedules  for 
1920  call  for  430,000  trucks.  It  is  estimated  that  this 
will  be  cut  to  370,000  when  the  final  check  comes  at  the 
end  of  the  year.  This  drop  below  the  schedule  production 
will  be  due  to  lack  of  materials,  and  this  in  turn  largely 
because  of  direct  or  indirect  labor  influence.  The  fear 
that  the  left-over  trucks  from  the  Quartermaster  and 
Motor  Transport  departments  would  have  a  material  ef- 
fect on  the  market  has  passed,  as  far  as  the  manufacturer 
is  concerned.  A  year  ago,  when  we  were  all  making  pre- 
dictions as  to  the  number  of  trucks  to  be  turned  out  in 
1919,  we  said  that  it  would  a#iOunt  to  not  more  than 
290,000.  The  prediction  was  based  upon  the  upset  con- 
dition of  the  factories  at  that  time.  The  quick  rally  was 
a  surprise  to  those  who  are  most  familiar  with  the  in- 
dustry, and  the  actual  production  exceeded  the  estimate 
by  15,000. 

The  use  of  the  motor  truck  to  replace  the  freight  car 
for  certain  classes  of  work  has  proved  a  marked  success. 
The  number  of  companies  which  are  going  into  both 
urban  and  interurban  transportation  is  growing  day  by 
day.  Trucks  are  operating  on  railroad  schedules,  and 
indeed  have  proved  to  be  more  dependable  on  a  time 
basis  than  the  steam  roads  have  ever  been.  There  are 
truck  lines  that  hold  their  schedules  so  closely  that  they 
start  on  the  dot,  regardless  of  whether  they  have  a  load 
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at  the  time  or  not.  This  efldcient  transportation  service 
virill  pave  the  way  for  future  truck  business  to  such  an 
extent  that  we  may  look  to  the  time  when  the  national 
means  of  transportation  in  this  country  will  be  the  truck, 
in  spite  of  our  great  railroad  mileage. 
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FLEXIBILITY  IN  ORGANIZATION 

By  John  Younger* 

The  only  direction  in  which  flexibility  of  an  organiza- 
tion can  be  considered  is  that  of  successful  progress. 
Flexibility  uncontrolled  is  liable  to  lead  to  retrogression 
instead  of  progression.  During  the  war,  every  avail- 
able unit  of  man-power  was  called  into  use,  and  all 
specialized  intelligence  was  stretched  almost  to  the 
breaking  point.  This  was  particularly  true  of  the  in- 
telligence in  the  automotive  industry.  Demands  were 
made  in  connection  with  the  airplane,  tanks,  agricul- 
tural tractor  and  submarine  chasers,  as  well  as  the 
more  stabilized  automobile' and  trucks.  The  most  skil- 
ful men  naturally  gravitated  to  the  most  difficult  work, 
in  the  problems  surrounding  the  airplane  and  the  tank, 
and,  while  in  general  there  were  not  nearly  enough 
men,  the  scarcity  of  skill  was  more  noticeable  in  the 
older  branches  of  the  industry.  It  was  there  that  the 
necessity  for  a  flexible  organization  demonstrated  itself. 

The  first  necessity  was  a  rigid  base  from  which 
progress  could  be  made.  This  was  found  in  the  accu- 
mulated data  of  the  industry  and  in  the  experience  of 
automotive  engineers.  These  data  became  the  starting 
points  for  a  flexible  organization  in  the  Motor  Trans- 
port Corps. 

Education  as  a  necessity  is  emphasized,  taking  ac- 
count of  labor  turnover,  the  advisability  of  keeping  it 
low,  the  valuo  of  educating  an  organization,  the  fallacy 
of  underestimating  men  because  of  lack  of  exi>erience 
in  some  particular  line,  and  other  matters  relating  to 
human  inertia.  The  formation  of  research  bureaus  is 
advocated,  the  value  of  this  idea  having  so  proved  itself 
during  the  war  that  Great  Britain,  our  own  important 
engineering  societies  and  the  larger  manufacturers  are 
furthering  it.  The  extension  of  this  idea  into  the 
problems  of  employment,  industrial  relationships  and 
the  broad  field  of  sociology  is  advocated.  In  conclusion, 
general  remarks  are  made  regarding  the  present  age 
as  one  of  specialization. 

Flexibility  is  defined  by  Webster  as  "the  quality  of 
being  willing  to  yield  to  the  influence  of  others;  not  in- 
vincibly rigid  or  obstinate;  responsive  to  or  readily  ad- 
justable to  meet  the  requirements  of  changing  condi- 
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tions."  It  therefore  has  a  limitation  equal  only  to  that 
set  by  the  definition.  If,  however,  we  consider  the  qual- 
ity of  flexibility  as  illustrated  by  a  rubber  cord  stretched 
in  both  directions,  we  readily  understand  that  flexible 
movement  has  taken  place  in  two  opposing  directions, 
and  that  if  a  definite  progressive  movement  is  to  be  made, 
one  end  of  the  cord  must  be  anchored  to  something  rigid. 
In  other  words,  the  only  direction  in  which  flexibility 
of  an  organization  can  be  considered  is  that  of  success- 
ful progress.  Flexibility  uncontrolled  is  liable  to  lead 
to  retrogression  instead  of  progression. 

I  am  led  to  take  up  this  subject  as  one  of  the  lessons 
of  the  war.  In  that  period  every  available  unit  of 
man-power  was  called  into  use,  and  all  specialized 
intelligence  was  stretched  almost  to  the  breaking  point. 
This  was  particularly  true  of  the  intelligence  in  the 
automotive  industry.  Demands  were  made  in  connec- 
tion with  the  airplane,  tanks,  agricultural  tractor  and 
submarine  chasers,  as  well  as  the  more  'stabilized  auto- 
mobile and  trucks.  The  most  skilful  men  naturally 
gravitated  to  the  most  difficult  work,  in  the  problems 
surrounding  the  airplane  and  the  tank,  and,  while  in 
general  there  were  not  nearly  enough  men,  the  scarcity 
of  skill  was  more  noticeable  in  the  older  branches  of 
the  industry.  It  was  there  that  the  necessity  for  a 
flexible  organization  demonstrated  itself. 

The  first  necessity  was  a  rigid  base  from  which  prog- 
ress could  be  made.  This  was  found  in  the  accumulated 
data  of  the  industry  and  in  the  experience  of  our 
automotive  engineers.  These  data  became  our  stand- 
ards, our  starting  points.  Incidentally,  in  this  connec- 
tion I  learned  the  one  big  truth  about  standards  and 
standardization.  Standards  must  not  be  made  to  ex- 
press finality,  as  they  so  often  are.  They  must,  on 
the  contrary,  be  looked  upon  as  starting  points  or 
milestones,  measuring  progress.  I  believe  that  the 
arguments  for  and  against  standardization  are  based 
upon  the  viewpoints  expressed,  and  not  so  much  upon 
the  statements  of  standards. 

We  began  in  the  Motor  Transport  Corps  with  as  much 
accumulated  data  as  possible,  and  this  information  was 
concentrated  in  what  was  called  the  planning  section, 
although  it  was  really  a  miniature  of  the  General  Staff 
of  the  Army.  The  men  composing  this  group  sought 
out  information,  analyzed,  digested  and  passed  it  along 
in  concentrated  form  to  what  can  be  called  the  opera- 
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tive  section  of  the  Engineering  Division.  In  other 
words,  we  applied  in  an  engineering  organization  the 
principle  of  the  machine-shop  routing  department. 
This  principle  can  and  must  be  applied  in  any  manu- 
facturing organization,  if  it  wishes  to  maintain  its  flex- 
ibility and  elasticity  in  these  days.  The  value  of  a 
planning  department  in  a  machine  shop  is  obvious. 
Even  a  small  railroad  must  have  its  planning  or  dis- 
patch-board system  to  insure  schedule  running.  Under 
present-day  conditions,  the  same  idea  must  be  carried 
higher  and  higher  up,  to  ensure  permanent  results. 


Education  a  Necessity 

We  are  fully  alive  to  the  meaning  of  labor  turnover 
and  to  the  advisability  of  keeping  it  low,  to  conserve 
the  sum  total  of  our  existing  experience.  We  are  just 
now  awakening  to  a  full  realization  of  the  value  of 
increasing  the  store  of  knowledge  in  this  connection 
by  the  education  of  our  men.  It  is  only  a  step  fur- 
ther to  consider  the  education  of  our  organization.  An 
organization  is  like  a  large  tank,  at  first  partially  filled 
and  being  drained  somewhat  by  its  percentage  loss  of 
labor,  but  being  at  the  same  time  refilled  by  the  infiux 
of  new  labor,  with  resultant  slight  changes  in  level. 
The  tank  can  be  filled  only  by  adding  something  new; 
the  level  can  be  made  flexible  in  an  upward  direction 
by  the  addition  of  what? 

From  the  human  side  this  has  an  interesting  angle. 
It  might  be  expressed  mathematically  by  stating  that 
the  summation  of  experience  gained  or  lost  is  nil  when 
a  man's  experience  is  transferred  from  one  organiza- 
tion to  another  exactly  similar;  whereas,  if  his  experi- 
ence is  transferred  from  one  industry  to  a  totally  differ- 
ent industry,  this  will  in  all  probability  contribute  to 
flexibility  in  the  direction  of  progress.  I  am  asking 
you  to.  be  flexible  in  your  thoughts,  and  not  hide-bound 
by  convention  and  what  has  gone  before. 

Another  of  my  lessons  from  the  war  is  that  I  will, 
in  the  future,  rarely  turn  down  a  man  for  lack  of 
experience  in  some  particular  line.  I  feel  that,  in  the 
majority  of  work,  the  ability  of  any  man  depends  not 
entirely  upon  his  previous  experience.  It  depends  also 
upon  his  ability  to  pick  up  work,  to  apply  certain 
fundamental  principles,  to  study  the  work  and  bring 
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a  fresh  viewpoint  to  bear  upon  it,  so  that  actual  prog- 
ress will  have  been  made  at  last. 

Washington  authorities  were  criticised  severely  dur- 
ing the  war  for  placing  men  in  so-called  impossible 
situations.  Unfortunately,  there  were  many  cases  of 
round  pegs  in  square  holes,  but  there  were  just  as 
many  cases,  if  not  more,  of  men  who  did  not  know 
from  past  experience  that  some  particular  thing  was 
practically  impossible,  and  therefore  went  ahead  to 
accomplish  it.  I  can  cite  one  case  of  a  man  who  had 
been  for  many  years  a  professor  of  law  at  a  Middle 
West  university,  being  put  in  charge  of  important  engi- 
neering work.  He  was  deliberately  selected  for  this 
work  because  of  his  character,  training  and  ability  to 
handle  specific  details  in  a  way  whereby  a  minimum  of 
time  was  eonsumed  in  getting  action.  His  new  view- 
point and  insistence  upon  completion  of  detail  insured 
accuracy  and  time  saving  in  handling  the'  long  dis- 
tance work  that  had  to  be  done.  I  was  once  told  that 
the  value  of  education  lies  in  the  fact  that  it  enables 
a  man  to  pick  up  an  idea  more  quickly  than  the  boss 
can  find  out  how  little  he  knows  about  it. 

I  believe  we  are  on  the  eve  of  as  great  a  labor  short- 
age as  we  have  ever  experienced,  a  labor  shortage 
which  is  still  further  emphasized  by  a  housing  short- 
age and  in  which  not  only  will  there  be  insufficient 
skilled  labor  available  but  also  insufficient  skilled  in- 
telligence. New  viewpoints  must  be  brought  to  bear 
upon  the  problems  confronting  us.  Our  minds  must  be- 
come more  flexible;  they  must  not  remain  quiescent,  but 
expand  under  changing  conditions. 

Let  me  indicate  some  of  the  more  delicate  points 
of  human  inertia.  It  is  difficult  to  know  what  to  do 
with  the  old,  rooted  notions  in  a  business;  the  prac- 
tice of  making  old  men  saints  is  pursued  at  the  ex- 
pense of  the  new,  young  blood  pushing  its  way  upward, 
finding  that  this  type  of  organization  is  too  inflexible, 
too  rigid  to  accommodate  it.  Youth  eventually  has 
its  way,  but  often  at  an  expense  that  is  frightful.  Is 
it  possible  to  so  proceed  as  to  overcome  our  human 
inertia  and  become  flexible  enough  to  assimilate  new 
ideas  and  incorporate  them  into  constant  progress? 
The  formation  of  research  bureaus,  even  if  a  bureau 
consist  of  but  one  man  engaged  part  time  in  other 
work,  will  help  tremendously  in  keeping  in  touch  with 
the  world's  progress.     The  value  of  this  idea  has  so 
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proved  itself  during  the  war  that  Great  Britain  has 
appropriated  millions  of  dollars  to  further  new  ideas. 
In  our  own  country  the  more  important  engineering 
societies  have  united  for  the  purpose  of  furthering 
research.  The  larger  manufacturers,  appreciating  the 
success  of  the  General  Electric  Co.  in  this  direction, 
are  following  its  example.  Thus  the  search  for  knowl- 
edge is  now  in  progress.  Nor  is  research  confined  ex- 
clusively to  matters  of  science.  The  problems  of  em- 
ployment, industrial  relationships  and  the  broad  field 
of  sociology  are  now  under  the  microscope  and  rapidly 
being  developed  into  science. 

The  Present,  an  Age  of  Specialization 

The  underlying  thought  in  this  paper  is  that,  more 
than  ever  before,  this  is  a  period  of  intense  specializa- 
tion, with  everything  tending  to  fit  us,  like  bricks,  into 
a  narrow  standardized  world.  The  skilful  architect 
may  take  these  bricks  and  build  with  them  edifices 
that  express  his  individuality,  but  for  the  great  mass 
the  unit  expresses  the  ultimate,  and  the  ideal  there  is 
expressed  by  maximum  and  minimum  tolerances  im- 
posed by  custom.  I  often  wonder  why  we  take  such 
pains  to  educate  our  children  in  the  mass.  They  not 
only  learn  the  fundamentals  but  also  all  kinds  of  what 
we  call  "fancy  stuff."  We  send  them  through  the  high 
school  and  further  instill  into  them  all  kinds  of  mathe- 
matics, science,  biology,  psychology  and  the  like.  Then, 
still  in  the  mass,  they  are  turned  out  into  a  cold  world 
where  some  manufacturer  employs  them  to  turn  out 
some  highly  specialized  machine  part,  after  a  few 
weeks'  intensive  shop  course.  Whether  it  be  in  machin- 
ing automobile  parts  or  in  selling  ribbons  over  a  coun- 
ter, specialization  rules. 

I  wonder,  however,  if  we  cannot  make  work  more 
flexible  by  what  might  be  termed  a  ruse.  For  example, 
labor  leaders  are  calling  for  a  seven-hour  day ;  the  eight- 
hour  day  is  already  granted.  Yet  in  Detroit  in  a  plant 
where  the  men  wt)rk  the  actual  net  eight-hour  day,  I  am 
told  that  large  numbers  of  them  go  to  another  plant  and 
work  another  eight  hours.  In  effect,  these  men  have  real- 
ized that  the  problem  of  the  shorter  working  day  is  not 
so  serious  as  the  problem  of  their  idle  or  leisure  time. 
Is  there  not  food  for  thought  in  the  problem  of  chang- 
ing the  nature  of  work,  to  prevent  fatigue  and  dull- 
ness, and  fill  the  present  leisure  or  idle  period  with  pro- 
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ductive  work?  Many  have  worked  long  past  the  time- 
clock  hour  at  something  which  interested  them  greatly. 
There  can  be  intense  pleasure  in  keeping  strenuously 
at  some  task  that  is  actually  a  hobby.  The  thought  is 
to  make  our  jobs  and  the  jobs  around  us  interesting 
by  encouraging  the  human  aspect  of  them  so  that  we 
shall  see  more  than  the  specialized  function. 

Flexibility  is  tremendously  important.  In  an  organi- 
zation it  expresses  such  breadth  that  I  have  only  been 
able  to  touch  upon  the  more  obvious  points.  The  last 
100  years  have  witnessed  tremendous  progress  in 
mechanical  science.  I  feel  that  we  are  on  the  eve  of  a 
century  of  years  that  will  be  crowded  with  a  similarly 
human  and  sociological  progress. 
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CLEVELAND  SECTION  PAPER 

PLYWOOD  AND  ITS  USES  IN  AUTO- 
MOBILE  CONSTRUCTION 

By  Armin  Elmendorf^ 

For  many  years  plywood  has  been  used  for  such 
automobile  parts  as  roofs  and  dash  and  instrument- 
boards,  but  it  was  not  until  the  closing  of  the  Euro- 
pean war  that  the  extent  to  which  this  material  was 
.  used  in  automobile  construction  greatly  increased.  The 
sudden  requirement  of  airplanes  created  a  large  de- 
mand for  plywood  which  would  withstand  the  severest 
weather  conditions.  Glues  were  perfected  that  enabled 
plywood  to  withstand  8  hr.  of  boiling  or  10  days  of 
soaking  in  water  without  separation  of  the  plies.  Ply- 
wood as  an  engineering  material  is  discussed.  It 
is  then  compared  in  considerable  detail  with  ordinary 
boards  and  also  with  metals  and  pulp  boards,  statistics 
and  illustrations  being  given.  The  molding  of  ply- 
wood is  considered  with  especial  reference  to  employing 
plywood  for  surfaces  having  compound  curvatures,  and 
the  limiting  factors  in  the  use  of  plywood  for  this  pur- 
pose are  mentioned. 

For  many  years  plywood  has  been  used  for  such  auto- 
mobile parts  as  roofs  and  dash  and  instrument-boards, 
but  it  was  not  until  the  closing  of  the  European  war 
that  the  extent  to  which  this  material  was  used  in  auto- 
mobile construction  greatly  increased.  The  explanation 
of  this  comparatively  sudden  demand  lies  in  the  improve- 
ments in  the  method  of  manufacture  resulting  from  the 
requirements  for  war  material.  Prior  to  the  European 
war  practically  the  entire  output  of  plywood  used  in  au- 
tomobile construction  was  glued  with  common  non-water- 
resistant  hide  or  vegetable  glues.  On  account  of  the  ever- 
present  danger  of  the  separation  of  the  plies  glued  with 
these  glues  when  exposed  to  rain,  its  extensive  use  in 
automobile  construction  was  never  realized. 

The  sudden  requirement  of  airplanes  during  the  war 
created  a  large  demand  for  pljrwood  which  would  with- 
stand the  severest  weather  conditions.    Glues  were  per- 
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fected  that  enabled  the  Government  to  draw  up  specifi- 
cations requiring  that  the  plywood  withstand  8  hr.  of 
boiling  or  10  days  of  soaking  in  water  without  separa- 
tion of  the  plies*  With  the  perfection  of  its  water-re- 
sistant qualities  the  remaining  highly  desirable  proper- 
ties of  plywood  as  a  structural  material  for  airplanes 
were  made  available.  In  the  construction  of  aircraft 
strength  per  unit  of  weight  was  the  most  important  fac- 
tor. In  this  respect  plywood  compared  favorably  with  all 
other  structural  materials,  including  high-grade  steels. 
Large  quantities  were  required,  particularly  thin  flat 
sheets  of  large  area  for  fuselage  construction.  Fuselage 
material  must  also  show  a  minimum  distortion  or  warp- 
ing with  changes  in  atmospheric  conditions.  It  must 
possess  high  resistance  to  splitting,  must  not  splinter, 
must  be  stiff,  absorb  rather  than  impart  vibration,  and 
it  is  necessary  that  it  be  moldable.  Each  of  these  re- 
quirements was  fulfilled  to  a  satisfactory  degree  by 
plywood. 

It  so  happens  that  the  properties  of  a  material  for 
many  parts  of  an  automobile  must  fulfill  exactly  the  same 
requirements  demanded  for  airplanes.  In  order  that  the 
power  consumption  of  the  car  may  be  kept  at  a  minimum, 
the  weight  must  be  reduced.  Materials  used  should 
therefore  yield  maximum  strength  per  unit  of  weight. 
They  must  lend  themselves  to  a  good  finish  and  be  work- 
able with  conventional  mechanics'  tools.  Plywood  also 
fulfills  each  of  these  requirements. 

Plywood  as  an  Engineering  Material 

Much  of  the  antagonism  that  existed  in  former  years 
to  plywood  as  a  structural  material  can  be  attributed  to 
the  name  commonly  applied.  The  term  "veneer**  was 
quite  generally  used  irrespective  of  the  number  of  plies 
or  of  the  details  in  the  construction.  This  word  carried 
with  it  an  impression  of  concealment  as  if  thin  sheets  of 
wood  of  a  fine  quality  were  glued  over  a  base  of  poor 
material,  with  the  result  that  the  defects  in  the  latter 
were  hidden.  Frequent  peeling  of  the  face  plies  also 
contributed  to  a  general  disfavor  of  this  material.  In 
the  terminology  now  being  adopted  by  the  industry,  the 
word  veneer  refers  to  the  individual  sheets  of  thin- wood, 
while  plywood  is  used  for  the  assembled  glued-up  stock. 
For  automobile  parts  grain  or  appearance  is  usually  a 
secondary  consideration,  the  mechanical  properties  be- 
ing of  much  greater  importance.  It  is  for  this  reason  that 
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plywood  is  now  frequently  spoken  of  as  an  engineering 
material.  Like  steel  or  concrete  it  has  certain  definite 
strength  properties  which,  if  they  are  known,  can  be 
used  in  engineering  design.  With  the  exception  of  its 
use  in  instrument-boards,  plywood  is  an  engineering  ma- 
terial in  automobile  construction.  Similar  to  the  ply- 
wood which  was  used  in  building  airplanes,  that  which  is 
now  demanded  by  the  automobile  industry  may  be  soaked 
or  boiled  in  water  for  many  hours  without  separation  of 
the  plies. 

With  the  disappearance  of  the  objections  to  plywood 
resulting  from  the  perfection  of  this  material  during  the 
war  and  the  knowledge  that  it  can  be  molded  to  conform 
to  fuselage  sides,  the  demand  for  plywood  roofs  rose. 
Several  large  automobile  companies  now  favor  this  ma- 
terial to  the  exclusion  of  all  others  for  the  roofs  of  their 
closed  cars.  It  is  also  being  extensively  used  for  cab 
roofs.  Three-ply  wood  of  a  total  thickness  of  about  5/16 
in.  is  in  common  use.  Panels  for  roofs  have  a  core  or 
center  ply  that  is  usually  between  two  and  three  times 
the  thickness  of  the  face  plies. 

In  addition  to  its  employment  for  roofs  plywood  is 
used  for  the  following  automobile  parts: 

Dash-boards 
Instrmnent-boards 
Door  linings 
Window  frames 

Plywood  is  not  applied  as  yet  very  extensively  to  the 
construction  of  automobile  bodies  and  disk  wheels. 
The  difficulty  that  must  be  overcome  before  plywood  can 
be  very  widely  used  for  automobile  bodies  lies  in  the  fact 
that  it  cannot  be  bent  in  severe  double  curvature.  It 
cannot  be  molded  to  the  form  of  most  standard  bodies, 
although  with  the  present  trend  in  design  requiring  less 
severe  upset  of  the  grain  its  use  in  body  construction 
promises  to  be  extended  materially. 

The  weight  of  the  conventional  plywood  disk  wheel  has 
militated  against  its  extensive  use  for  wheels,  but  by 
proper  design  the  weight  can  be  materially  reduced  so 
that  the  advantage  of  great  strength  per  unit  of  weight 
can  also  be  realized  in  wheels. 

Plywood  Compared  with  Ordinary  Boards 

Wood,  as  is  well  known,  is  a  non-homogeneous  material, 
that  is«  its  strength  properties  are  different  in  different 
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directions.  Parallel  to  the  grain  the  tensile  or  pulling 
strength  of  a  board  may  be  as  high  as  20,000  lb.  per  sq. 
in.,  while  at  right  angle  or  across  the  grain  the  tensile 
strength  may  be  only  1000  lb.,  that  is,  in  the  former 
direction  the  tensile  strength  may  be  twenty  times  as 
high  as  in  the  latter  direction.  Practically  the  same 
ratio  exists  for  the  stiffness  or  modulus  of  elasticity  in 
these  two  directions;  that  parallel  to  the  grain  may  be 
2,000,000  lb.  per  sq.  in.,  while  at  right  angles  to  the  grain 
it  may  be  only  100,000  lb. 

In  all  standard  plywood  constructions  the  grain  of  one- 
ply  crosses  that  of  the  adjacent  plies  at  right  angle.  With 
this  distribution  of  the  wood  fibers  a  very  marked  in- 
crease in  the  strength  across  the  fage  grain  of  a  board 
is  obtained.  By  a  proper  selection  of  the  thickness  of 
the  center  ply  the  strength  across  the  grain  of  the  face 
of  three-ply  wood  is  readily  made  equal  to  that  parallel 
to  the  face  grain.  To  obtain  equal  tensile  strengths  the 
thickness  of  the  core  of  three-ply  wood  is  made  equal 
to  one-half  the  total  thickness  of  the  panel.  For  equal 
bending  strength  the  core  thickness  should  be  about  two- 
thirds  of  the  total  thickness. 

The  results  of  extensive  tests  made  by  the  United 
States  Forest  Service  at  the  Forest  Products  Laboratory, 
Madison,  Wis.,  on  the  mechanical  properties  of  plywood 
show  that  the  well-known  relation  between  strength  and 
weight  for  ordinary  wood  holds  for  plywood,  that  is,  the 
strength  in  bending  or  in  tension  increases  rapidly  with 
increase  in  the  weight.  The  material  tested  was  three- 
ply  wood  in  which  all  plies  of  a  given  panel  were  of  the 
same  thickness  and  of  the  same  species,  the  grain  of  the 
successive  plies  running  at  right  angles.  In  most  cases 
eight  thicknesses  of  plywood  ranging  from  1/10  to  3/16 
in.  were  tested.  Since  a  marked  variation  in  the  strength 
of  the  wood  was  shown,  further  tests  on  additional  ma- 
terial would  be  expected,  according  to  the  laboratory  of- 
ficials, to  modify  the  values  appreciably  in  some  cases. 
It  must  also  be  remembered  that  the  strength  is  greatly 
affected  by  the  moisture  content,  increasing  with  reduc- 
tion in  moisture  content. 

On  account  of  the  great  influence  of  the  moisture  con- 
tent of  wood  on  its  properties,  the  factors  which  influ- 
ence the  moisture  content  should  be  understood.  It  is, 
for  example,  not  always  necessary  to  submerge  wood  in 
water  to  increase  its  moisture,  nor  will  mere  exposure  to 
high  temperatures  necessarily  reduce  the  moisture  con- 
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tent.  By  exposing  wood  to  relatively  high  atmospheric 
humidity  its  moisture  content  can  be  increased,  while 
exposure  to  low  humidities  such  as  in  an  arid  country 
may  greatly  lower  the  moisture  content.  It  is  a  common 
observation  that  the  moisture  content  of  the  wood  in  a 
room  kept  at  70  deg.  fahr.  in  winter  is  much  lower 
than  that  of  the  same  piece  of  wood  in  summer  when  it 
is  exposed  to  the  free  circulation  of  air  at  the  same 
temperature.  The  relation  between  the  relative  atmos- 
pheric humidity  and  the  percentage  of  moisture  con- 
tained by  wood  is  quite  definite  and  is  practically  the 
same  for  many  species.  This. relation  is  shown  in  the 
curve  of  Fig.  1. 

The  importance  of  a  knowledge  of  the  factors  affecting 
the  moisture  content  of  the  wood  lies  in  the  fact  that 
wood  will  shrink  or  expand  with  any  change  in  the 
moisture  content.  Such  shrinkage  takes  place  across  the 
grain  and  is  greater  for  boards  cut  tangentially  from 
a  log  than  for  quarter-sawed  boards.  The  shrinkage  with 
the  reduction  in  moisture  content  in  a  direction  parallel 
to  the  grain  is  negligible.  On  account  of  the  great  stiff- 
ness of  wood  parallel  to  the  fibers  and  its  low  shrinkage 
in  this  direction,  the  shrinkage  of  plywood  resulting 
from  a  reduction  in  moisture  content  is  very  low.  It  is 
in  fact  only  about  as  great  as  the  shrinkage  parallel  to 
the  grain  of  any  ordinary  wood.  Where  a  board  may 
be  reduced  in  width  by  0.2  in.  the  corresponding  reduc- 
tion in  width  of  plywood  will  only  be  about  0.01  in.  It 
is  this  marked  difference  in  shrinkage  between  pljrwood 
and  ordinary  wood  that  makes  it  a  superior  material  of 
construction  for  many  purposes.  Least  possible  shrink- 
age is  desirable  in  automobile  panels  because  an  auto- 
mobile may  be  exposed  to  extremes  in  atmospheric  humid- 
ity and  consequently  the  moisture  content  of  the  wood 
or  plywood  will  undergo  appreciable  changes.  Shrink- 
age may  either  cause  checking  of  the  panel  which  would 
"mar  the  finish  or  it  may  cause  loose  joints,  thereby  in- 
troducing irritating  noises  in  driving  or  even  materially 
reducing  the  strength  of  the  joint. 

In  connection  with  the  shrinkage  of  wood  or  plywood 
it  should  be  borne  in  mind  that  no  paint,  varnish  or 
enamel,  irrespective  of  its  advertised  waterproof  quali- 
ties, will  prevent  changes  in  moisture  content  of  the  wood 
it  protects  if  the  exposure  to  extreme  humidities  extends 
over  a  long  period  of  time.    Tests  have  shown  that  only 
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a  metallic  coating  like  aluminum  leaf  is  strictly  imper- 
vious to  moisture  penetration. 

One  of  the  properties  of  ordinary  wood  that  greatly 
limits  is  use  for  many  purposes  is  its  low  resistance  to 
forces  tending  to  split  the  board.  This  is,  of  course,  due  to 
the  relatively  low  strength  of  wood  across  the  grain.  By 
laminating  and  crossing  the  grain  of  successive  lamina- 
tions as  in  plywood  this  property  is  materially  improved 
The  great  resistance  to  spliting  possessed  by  plywood  is 
graphically  illustrated  in  Fig.  2.  The  nails  in  the  cor- 
ners of  the  small  panels  were  driven  into  the  plain  sur- 
face of  the  wood  without  any  preliminary  drilling.  The 
sections  are  5/16  in.  thick.  Even  the  largest  nails  caused 
no  splitting  of  the  plywood. 

The  machine  shown  in  Fig.  3  was  built  at  the  Forest 
Products  Laboratory  to  determine  the  relative  resistances 
to  splitting  of  plywood  made  of  various  species,  thick- 
nesses and  combinations  of  plies.  A  test-specimen  is 
shown  suspended  at  the  tip  of  the  tool-steel  spear.  The 
height  to  which  this  spear  is  raised  and  allowed  to 
fall  is  progressively  increased  until  fracture  by  splitting 
takes  place.  The  test-specimens  shown  in  Fig.  4  were 
ruptured  in  this  way.  The  height  of  drop  at  which  fail- 
ure takes  place  is  recorded  as  a  measure  of  ability  of  the 
specimen  to  resist  splitting. 

Questions  are  frequently  asked  regarding  the  ability 
of  plywood  to  resist  vibration.  This  property  is  of  con- 
siderable importance  in  both  automobiles  and  airplanes. 
Tests  made  at  the  research  laboratories  of  the  company 
with  which  I  am  associated  have  shown  that  plywood  can 
be  subjected  to  vibrations  severe  enough  to  cause  weak- 
ening of  the  wood  and  yet  no  failure  in  the  glue  joint  will 
take  place.  Specimens  were  subjected  to  several  million 
repetitions  of  stress  until  an  actual  reduction  in  the 
strength  of  the  wood  seemed  to  have  taken  place.  It  will 
be  remembered  that  wood,  like  other  structural  materials, 
particularly  steel,  will  fail  under  repeated  stresses  that 
are  much  below  those  which  cause  failure  in  slow  or  static 
loading.  The  tests  were  limited  to  plywood  made  by  the 
company  mentioned  and  the  conclusions  have  stiU  to  be 
verified  for  various  water-resistant  glues. 

Extensive  shear  tests  made  at  the  Forest  Products 
Laboratory  on  plywood  of  different  constructions  have 
shown  that  while  the  initial  failure  occurs  at  a  stress 
only  slightly  greater  than  the  shear  strength  of  ordinary 
wood,  final  or  complete  failure  in  shear  is  difikult  to 
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obtain  on  account  of  the  tendency  of  the  fibers  to  hold 
on  in  tension.  The  failure  of  ordinary  wood  in  shear  is 
sudden  and  complete,  while  that  of  plywood  is  progressive 
and  prolonged.  This  property  is  somewhat  analogous  to 
the  characteristic  of  steel  described  as  toughness.  A 
brittle  metal  will  snap  while  a  ductile  or  tough  metal  will 
yield  and  yet  on  account  of  the  stretching  imparted  to  it 
show  no  failure.  Its  ductility  makes  it  a  superior  steel 
for  many  purposes.  Plywood  which  is  much  tougher  in 
shear  than  ordinary  wood  is  likewise  superior  to  wood 
in  this  respect. 

Plywood  Compared  with  Metals  and  Pulp  Boards 

In  comparing  the  tensile  strength  of  plywood  with 
other  materials  used  for  automobiles  such  as  pulp  board, 
aluminum  and  steel,  red  gum  was  selected  as  a  species 
because  it  is  very  extensively  used  in  automobile  con- 
struction and  is  of  medium  density  and  strength.  The 
strength  values  given  for  this  material  in  Table  1  were 

TABLE   1 — STRENGTH   OP  AUTOMOBILE   MATERIALS 


Tensile 

lb.  per  sq.  in. 

Strength 

per  ^t  of 

Weight, 

Specific 

ParaUel 

Perpendicu- 
arto 

Grav- 

to 

Aver- 

lb. per 

ity- 

Grain 

Grain 

age 

sq.m. 

Three-ply  wood      0.59 

7,850 

4,930 

6,390 

10,800 

Pulp  board           0.64 
Rolled  alnmintim    2.70 

1,946 

902 

1,424 

2.230 

19,460 

7,200 

MUd  steel             7.85 

60,000 

7,660 

taken  from  figures  obtained  in  the  tests  made  by  the 
Forest  Products  Laboratory  mentioned  on  page  866.  The 
specific  gravity  given  in  the  table  is  for  over-dry  weight. 
A  moisture  content  of  9  per  cent  was  assumed,  which 
brings  the  specific  gravity  up  to  0.59.  It  will  be  seen 
that  the  strength  per  unit  of  weight  of  the  plywood  is 
superior  to  that  of  the  pulp  board,  aluminum  or  steel. 
In  addition  to  strength,  an  automobile  material,  espe- 
cially if  it  is  exposed  in  a  large  surface,  must  resist  im- 
pact. If  the  surface  is  struck,  it  should  show  a  minimum 
tendency  toward  receiving  a  permanent  impression. 
Tests  were  made  at  our  laboratories  to  compare  the  re- 
sistance to  impact  of  steel  and  aluminum  sheets  of  the 
usual  thickness  used  in  automobile  bodies  with  three-ply 
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wood  of  about  the  same  weight.  The  device  illustrated 
in  Fig.  5  was  designed  for  this  purpose.  A  panel  was 
placed  upon  the  surface  of  a  frame  10%  in.  square  on 
the  inside  and  a  plunger  weighing  about  12V^  lb.  was 
allowed  to  drop  from  increasing  heights  upon  the  surface 
of  this  panel.  The  results  of  such  impact  blows  upon 
panels  of  steel,  aluminum,  and  three-ply  red  gum  are 
shown  in  Fig.  6.  It  is  apparent  that  the  permanent  set 
in  the  metal  panels  is  very  large,  while  with  the  excep- 
tion of  a  slight  dent  in  the  outer  surface  and  minute  frac- 
tures of  the  fibers  on  the  inner  surface,  no  permanent 
deformation  was  caused  in  the  plywood  panel.  The  re- 
sults of  the  test  are  given  in  Table  2.  It  will  be  seen 
that  the  energy  imparted  to  the  pljrwood  panels  was 
many  times  as  great  as  that  to  the  metal  sheets.  Where- 
as only  one  blow  was  necessary  to  produce  a  large  dent 
in  the  metal  sheets,  the  plywood  was  subjected  to  several 
drops  of  equal  height  and  even  then  suffered  no  serious 
set  or  fracture.  Under  these  severe  conditions  the  ply- 
wood showed  no  further  injury  than  slight  surface  de- 
pressions. 

The  results  of  slow  static  loading  upon  panels  of  ply- 
wood, steel,  and  aluminum  of  the  same  size  are  shown 
in  Fig.  7.  It  will  be  seen  that  the  load  at  which  a  ma- 
terial yielded  or  suffered  a  permanent  set  was  very  much 
higher  for  the  plywood  in  both  cases.  The  plywood  was 
also  stiffer  as  indicated  by  the  slope  of  the  curve. 

Many  erroneous  ideas  are  current  pertaining  to  the 
construction  of  plywood,  which  frequently  result  in  cre- 
ating an  unfavorable  impression  of  plywood  as  a  material 
of  construction.  One  airplane  manufacturer,  for  ex- 
ample, was  under  the  impression  that  to  gain  equal 
strength  in  the  two  directions  parallel  and  perpendicular 
to  the  face  grain,  it  was  best  to  use  four  plies  each  of 
the  same  thickness  running  two  in  one  direction  and  two 
at  right  angles  to  it.     Experience  has  shown,  and  an 


TABLE  2— IMPACT  TESTS  ON  AUTOMOBILE  MATERIALS 

Weight, 

Energy  of 

Material 

lb.  per  sq.  ft. 

Blows,  ft.-lb. 

Aluminum 

0.91 

16 

Sled 

1.21 

16 

Three-ply  Haskelite 

0.91 

78 

Five-ply  Haskelite 

1.16 

151 
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Pig.   5 — Impact-Test  Machine 
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analysis  of  the  stresses  introduced  bears  out,  that  such 
a  construction  of 'plywood  must  introduce  considerable 
warping  when  undergoing  moisture  changes.  The  follow- 
ing rule  may  be  adopted  to  govern  the  proper  construc- 
tion of  plywood  so  as  to  minimize  all  tendency  to  warp: 

A  panel  must  be  made  of  an  odd  number  of  plies  and 
for  every  ply  on  one  side  of  the  center  there  must  be  a 
corresponding  ply  on  the  opposite  side  at  the  same  dis- 
tance from  the  center,  of  the  same  thickness,  and  of 
the  same  species  or  one  of  about  the  same  density,  and 
having  its  grain  running  parallel  to  that  of  the  first 
ply.  The  grain  of  successive  plies  should  always  cross 
at  approximately  90  deg. 

Even  small  deviations  of  this  rule  may  cause  warping 
in  the  case  of  large  thin  panels. 

In  making  a  selection  of  species  it  is  usually  only 
necessary  to  examine  the  density  of  the  species  to  obtain 
information  in  regard  to  its  properties.  Hardness, 
strength,  and  stiffness  are  increased  with  increase  in 
density.  ♦ 

Molding  Plywood 

The  remarkable  degree  to  which  three-ply  wood  can 
be  bent  is  illustrated  in  Fig.  8.  The  strips  shown  were 
originally  flat.  They  were  placed  in  boiling  water  for 
several  hours  until  the  wood  fibers  were  thoroughly 
softened,  then  bent  over  a  form  and  clamped  in  position 
until  they  were  dry.  Upon  removing  the  clamp  it  was 
found  that  the  specimen  had  assumed  and  retained  the 
curvature  of  the  form.  The  specimens  were  6/16  in. 
thick  and  were  bent  with  the  face  grain  extending  around 
the  bend.  Bending  in  simple  curva,ture,  as  shown  in  the 
specimens  of  this  figure,  is  a  comparatively  simple  pro- 
cedure. 

It  is  when  an  attempt  is  made  to  bend  plywood  in 
compound  curvature  that  great  difiiculty  is  experienced. 
In  cases  of  this  kind  the  wood  must  be  upset.  The 
meaning  of  this  term  is  best  understood  by  examination 
of  the  changes  that  take  place  in  bending  a  wood  felloe 
for  a  wagon  wheel.  The  wood  strip  intended  for  this 
purpose  is  first  softened  by  steaming  and  then  bent 
around  a  form.  Careful  measurements  have  shown  that 
the  wood  fibers  on  the  circumference  or  outside  circle 
suffer  no  elongation  and  that  the  change  in  the  dimen- 
sion all  takes  place  due  to  a  shortening  of  the  other  fibers. 
The  magnitude  of  the  shortening  or  upset  of  the  wood 
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fibers  on  the  inner  circumference  is  given  by  the  differ- 
ence in  the  length  of  this  circumference  and  the  outer 
circumference.  This  difference  expressed  in  percentage 
of  the  outer  circumference  or  original  length  is  termed 
"per  cent  upset."  It  is,  of  course,  evident  that  even  in 
simple  curvature  of  plywood  the-  fibers  on  the  inside  of 
the  bend  are  upset  to  a  slight  degree. 

Only  in  the  case  of  compound  curvature,  hoveever,  must 
any  appreciable  upset  be  given  to  the  material.  This 
will  be  understood  by  referring  to  the  diagram  in  Fig.  9. 
It  will  be  assumed  that  a  flat  circular  panel  is  available 
having  a  diiameter  equal  to  the  arc  adb.  It  will  also  be 
assumed  that  the  panel  is  made  of  a  material  that  is 
plastic  in  the  sense  that  it  can  be  upset  but  cannot  be 
stretched.  To  make  it  conform  to  the  spherical  surface, 
its  circumference  will  have  to  be  shortened  by  a  magni- 
tude equal  to  the  difference  in  the  circumference  of  the 
two  circles  whose  diameters  are  the  chord  ach  and  the 
arc  ddb.  When  this  difference  is  expressed  in  percentage 
of  the  original  length,  it  will  be  seen  that  for  the  par- 
ticular spherical  surface  of  Fig.  9,  the  fibers  along  the 
edge  will  suffer  an  upset  of  1.5  per  cent.  A  square 
section  50  in.  on  edge  will  be  cut  out  of  this  spherical 
surface.  The  section  illustrated  conforms  to  the  re- 
quirements of  a  typical  motor-truck  cab  roof.  The  fibers 
near  the  corners  are  consequently  upset  1.5  per  cent.  The 
magnitude  of  the  upset  at  other  points  can  be  computed 
in  a  similar  manner.  The  computation  of  upset  for 
roofs  of  closed  passenger  cars  is  more  difficult  and  com- 
plicated. 

The  advantage  accruing  from  bending  plywood  to 
double  curvature  is  well  illustrated  in  Fig.  10  which 
shows  in  elevation  a  typical  sedan  roof  made  of  plywood* 
Such  a  roof  has  supported  the  weight  of  five  men  without 
suffering  any  injury.  To  bend  plywood  to  conform  to  the 
curvatures  required  in  automobile  roofs,  it  is  necessary 
first  to  soften  the  fibers  by  wetting  or  steaming  and  then 
to  press  the  flat  three-ply  panel  in  suitable  dies.  Means 
must  be  provided  for  drying  the  wood  because  it  is  only 
when  the  fibers  are  dried  in  the  dies  that  the  upset 
remains  permanently. 

Plywood  can  be  fastened  to  the  roof  frame  in  various 
ways.  Typical  constructions  are  shown  in  Fig.  11.  Of 
these  the  method  illustrated  at  the  left  is  probably  the 
most  common.    Some  manufacturers  prefer  to  cover  the 


Digitized 


by  Google 


/ 


\ 


Fig.  9 — Compound-Curvature  Diagram 


881 


— L 


\ 


/ 


Digitized 


by  Google 


882  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


Fia.  10 — Typical  Sbdan  Roof  Made  of  Plywood 

joint  with  cloth  to  eliminate  any  possible  showing  of  the 
joint. 

The  molding  of  plywood  to  compound  curvature  lends 
itself  to  many  industrial  applications.  The  magnitude  of 
the  upsetting  that  can  be  attained  is,  however,  limited. 

Such  curvatures  as  those  in  the  cowling  of  an  auto- 
mobile cannot  be  made  of  plywood.  Extreme  warped  sur- 
faces must  continue  to  be  made  of  steel  or  aluminum. 


Fio.  11 — Methods  of  Fastening  Plywood  to  Roof  Frames 
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In  the  present  trend  in  design  many  of  the  compound 
curvatures  in  both  body  and  roof  can,  however,  be  made 
of  plywood. 

THE    DISCUSSION 

Lawrence  Ottinger:  —  Mr.  Elmendorf  correctly 
points  out  the  limitations  of  curvature  in  molding  ply- 
wood, but  ends  his  paper  with  the  statement  that  the 
molding  of  plywood  to  compound  curvatures  is  limited 
and  that  ''such  curvatures  as  those  in  the  cowling  of  an 
automobile  cannot  be  made  of  plywood."  This  is  cor- 
rect, but  it  applies  only  to  the  molding  of  plywood  in  its 
finished  form;  after  it  has  been  glued,  put  under  pres- 
sure, dried  in  flat  sheets  and  thereafter  steamed  or  boiled 
before  being  re-formed.  He  is  not  correct,  however,  in 
stating  that  such  curvatures  cannot  be  made  of  plywood 
if  the  plywood  is  formed  while  the  glue  lines  are  still 
wet.  Several  body  builders  are  making  cowls  of  ply- 
wood, but  they  apply  the  glue  to  the  veneers  and  imme- 
diately place  them  under  pressure,  the  slippage  -  on  the 
glue  lines  permitting  far  greater  curvature,  with  practi- 
cally no  limitations.  It  is  possible  to  mold  a  complete 
hemisphere  in  this  way.  A  thin  sheet  of  veneer  can  be 
bent  into  almost  any  shape.  If  the  molding  is  done 
while  the  glue  lines  are  still  wet,  the  "upset,"  or  com- 
pression, applies  to  the  inner  surface  of  each  sheet  of 
veneer.  But  in  rebending  plywood  that  has  been  com- 
pleted, the  stresses  are  much  the  same  as  would  occur 
in  a  piece  of  lumber  of  the  same  thickness,  because  the 
plies  cannot  move  in  relation  to  each  other.  This  mat- 
ter is  important  because  body  builders  are  much  more 
likely  to  make  their  own  plywood  than  to  buy  manufac- 
tured plywood,  for  several  reasons.  One  of  these  is  that 
the  same  mold  which  would  be  used  in  molding  a  piece 
of  plywood  can  also  be  used  to  manufacture  plywood, 
provided  a  cold  waterproof  glue  is  used. 

Armin  Elmendorf: — The  statements  referred  to  re- 
late entirely  to  the  molding  of  plywood  that  has  first 
been  glued  into  the  form  of  a  fiat  sheet  and  to  the  manu- 
facture of  cowling  by  this  method.  There  are,  no  doubt, 
certain  automobiles  in  which  the  cowling  is  made  of  ply- 
wood, and  it  was  for  this  reason  that  my  statement  was 
qualified  to  "extreme  warped  surfaces  must  continue  to 
be  made  of  steel  or  aluminum."  The  cowling  of  most 
automobiles  has  rather  severe  compound  curvatures.  I 
am  aware  that  "slippage  on  the  glue  lines  permits  far 
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greater  curvature."  I  have  made  testa  of  this  method 
of  molding  and,  in  spite  of  various  ways  of  conditioning 
the  veneer  prior  to  gluing,  found  that  the  veneer  would 
check  or  split  in  the  faces.  To  avoid  this,  I  found  it 
necessary  to  cut  the  individual  strips  to  certain  forms; 
this  I  considered  impractical.  The  checks  that  develop 
can  be  filled  with  the  usual  putties  or  pastes  but,  as  ply- 
wood, the  job  would  not  be  countenanced  by  any  scru- 
tinizing purchaser. 

Regarding  the  molding  of  a  complete  hemisphere  of 
plywood,  I  infer  that  this  is  done  by  taking  several  sheets 
of  veneer  of  the"  full  size  and  gluing  them  together  in  a 
form,  but  I  have  found  that  the  limitations  for  mold- 
ing in  this  manner  are  so  great  that  I  abandoned  all 
thought  of  molding  in  compound  curves  by  pressing  the 
separate  sheets  of  veneer  together  and  allowing  the  glue 
to  set  in  the  mold.  Checks  or  splits  in  the  face  veneer 
are  invariably  obtained  if  the  compound  curves  are  ap- 
preciable. 

Mb.  Ottinger: — The  paper  did  not  clearly  convey  to 
me  that  it  referred  entirely  to  the  molding  of  plywood 
that  had  first  been  formed  into  flat  sheets.  This,  com- 
bined with  the  statement  that  extreme  warped  surfaces 
must  continue  to  be  made  of  steel  or  aluminum,  indi- 
cated a  limitation  to  the  use  of  pljrwood  that  does  not 
exist. 

I  feel  that  plywood  will  be  used  almost  exclusively  for 
automobile  body  building,  the  body  builder  buying  large 
panels  in  sheets.  Such  parts  of  the  body  as  have  com- 
pound and  extreme  curvatures  will  be  laid  up  wet.  Sev- 
eral body  builders  are  using  this  method  at  present. 

As  to  molding  a  complete  hemisphere,  I  have  made 
several  of  these  in  various  ways.  They  have  been  prac- 
tically free  from  surface  checks.  I  overcame  these  by 
using  thin  veneers  of  high  density  in  one  case,  but  my 
most  successful  result  was  accomplished  by  cutting  and 
taping  the  veneers  over  a  curved  surface  and  dipping  the 
center  veneers  into  the  glue,  instead  of  putting  it 
through  a  spreader,  as  in  the  case  of  a  fiat  panel. 
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USE  OF  ALUMINUM  IN  PRESENT  AND 
FUTURE  MOTOR  CARS 

By  Ferdinand  Jehle* 

Although  aluminum  is  the  most  abundant  metal  in 
the  earth's  crust,  it  was  not  until  the  early  eighties 
that  means  were  discovered  for  reducing  it  from  its 
ores  in  such  quantities  and  at  such  cost  as  to  make  it 
a  commercial  possibility.  The  world  immediately  began 
to  find  uses  for  this  material.  Two  groups  developed; 
one,  assuming  for  aluminum  properties  that  it  did  not 
possess,  thought  that  it  would  in  time  replace  all  other 
metals;  the  other,  which,  reacting  from  the  first-men- 
tioned view  due  to*  failures  and  disappointments, 
thought  it  had  little  use.  It  was  afterward  realized 
that  much  research  was  necessary  to  make  aluminum 
a  really  commercial  metal. 

One  of  the  main  aims  of  the  automobile  engineer  is 
to  obtain  lightness  combined  with  proper  strength. 
The  paper  deals  with  decreasing  the  weight  of  automo- 
biles by  more  extended  use  of  aluminum  alloys.  The 
physical  properties  of  aluminum  are  described  in  con- 
siderable detail  and  its  varied  uses  are  enumerated. 
A  survey  is  made  of  recent  developments,  in  old  and 
new  alloys  and  in  their  use,  which  includes  the  evolu- 
tion of  modern  methods  for  handling  old  alloys,  the 
production  of  new  alloys  and  a  study  of  the  design  of 
parts  to  adapt  them  to  the  use  of  aluminum. 

The  discussion  of  new  uses  for  aluminum  alloys  in 
motor  cars  covers  parts  made  of  aluminum  at  present, 
such  as  pistons,  crankcases,  cylinder-blocks,  oil-pans, 
inlet  manifolds,  bodies  and  the  like,  and  parts  that  will 
be  made  of  aluminum  in  the  future.  The  statements 
are  made  that  it  is  folly  to  try  to  prophesy  to  what 
extent  aluminum  will  be  used  in  motor-car  construc- 
tion without  limiting  the  prophecy  to  a  period  not 
greater  than  one  year;  that  it  is  safe  to  expect  such 
parts  as  wheels  and  rear-axle  housings  to  be  alumi- 
nized;  and  that  many  developments  of  aluminum  are 
in  progress. 

Although  aluminum  is  the  most  abundant  metal  in  the 
earth's  crust,  it  was  not  until  the  early  eighties  that 
means  were  discovered  of  reducing  it  from  its  ores  in 
such  quantities  and  at  such  a  price  as  to  make  it  a  com- 
mercial  possibility.     The  world   immediately   began  to 

^Dynamical  engineer,  Aluminum  Manufactures,  Inc.,  Cleveland. 
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find  uses  for  this  material.  A.  E.  Hunt,  president  of  the 
Pittsburgh  Reduction  Co.,  in  an  article  entitled  Alumi- 
num, Its  Manufacture  and  Uses  from  an  Engineering 
Standpoint,  which  was  published  in  the  Journal  of  the 
Franklin  Institute  in  1892,  states 

In  recent  years  two  groups  have  developed:  (a) 
Those  who,  assuming  properties  for  aluminum  it  did 
not  possess,  thought  that  it  would  in  time  replace  all 
other  metals,  and  (b)  those  who,  reacting  from  the 
first  view,  due  to  failures  and  disappointments,  thought 
it  had  little  use 

It  is  surprising  that  some  of  the  hopeful  ones  did  not 
propose  to  mold  up  the  clay  banks  into  buildings  and 
railroads  and  turn  on  the  electric  current  and  produce 
aluminum  structure  in  situ.  It  did  not  take  many  years 
for  the  condition  to  change.  Those  who  thought  that  the 
whole  aluminum  question  had  been  settled  soon  began 
to  realize  that  much  investigation  and  research  were 
necessary  to  make  aluminum  a  really  commercial  metal, 
and  those  who  thought  that  it  had  little  use  saw  their 
error. 

In  1896  the  Horseless  Age  published  an  article  entitled 
Aluminum  in  Motor  Vehicles,  which  is  so  interesting 
that  I  shall  quote  from  it. 

The  horseless  age  is  fortunately  contemporaneous 
with  the  age  of  aluminum  and  this  latest  discovery  in 
the  metal  industry  is  likely  to  play  an  important  part 
in  the  development  of  the  motor-vehicle  industry. 
Lightness  and  strength  combined  are  the  great  desider- 
atum in  metal  vehicle  construction  and  as  aluminum 
alloys  weigh  only  one-third  as  much  as  iron  of  the 
same  bulk,  it  will  be  seen  that  the  metal  is  admirably 
adapted  for  the  purpose  , 

The  interesting  fact  in  connection  with  this  article  is 
that  it  appeared  in  one  of  the  very  early  issues  of  the 
first  technical  automobile  paper  in  the  English  language. 
At  the  time  of  its  publication  it  was  undoubtedly  con- 
sidered a  prophecy,  but  today  we  know  that  it  is  quite 
true.  One  of  the  main  aims  of  the  automobile  engineer 
is  to  obtain  lightness  combined  with  proper  strength. 
This  is  clearly  shown  by  many  papers  and  expressions  of 
opinion  in  the  Transactions  of  our  own  Society.  At  all 
meetings  at  which  papers  on  the  Ideal  Car,  or  similar 
subjects  such  as  the  Symposium  on  the  Future  Passen- 
ger Gar,  were  presented  and  discussed  by  the  member- 
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ship,  as  at  the  last  Summer  Meeting,  the  one  thing  gener- 
ally common  to  all  discussions  and  papers  is  that  light- 
ness is  desirable.  It  is  very  true  that  the  different  speak- 
ers would  lighten  cars  by  various  methods,  some  by  using 
a  light-weight  wood  construction,  others  by  employing 
pressed  steel  and  some  by  the  more  extended  use  of 
aluminum  alloys.  This  paper  deals  with  the  last-named 
method. 

Physical  Properties 

In  the  early  period  of  aluminum,  its  use  was  consider- 
ably hampered  by  its  lack  of  strength.  The  tensile 
strength  of  pure  aluminum  is  about  13,000  lb.  per  sq.  in. 
Since  this  is  not  enough,  alloying  with  other  metals,  such 
as  copper,  was  resorted  to.  The  tensile  strength  of  alu- 
minum alloys  was  at  first  very  uncertain.  That  of  the 
well-known  No.  12  alloy  has  been  given  for  a  number  of 
years  as  20,000  lb.  per  sq.  in.  In  standard  test-bars  this 
figure  was  obtained,  but  in  regular  production  it  could 
not  be  relied  upon.  Even  during  the  war  it  was  not 
found  possible  to  hold  all  foundries  to  this  figure  and 
the  Liberty  engine  specifications  had  to  be  lowered  to 
18,000  lb.  per  sq.  in.  For  many  purposes  this  strength 
is  sufficient.  Without  question  it  was  the  uncertainty  of 
meeting  any  specifications  that  was  responsible  for  lim- 
iting the  use  of  aluminum  alloys  to  parts  that  were  not 
subjected  to  the  highest  stress.  We  therefore  find  alumi- 
num used  only  for  ornaments,  cover-plates,  oil-pans  and 
similar  articles,  for  many  years.  Considerable  time  was, 
of  course,  required  for  those  interested  to  realize  that 
the  handling  of  the  metal  in  the  foundry  was  quite  as  im- 
portant as  the  composition  of  the  alloys.  Then  technical 
control  of  melting  and  pouring,  as  well  as  of  mixture, 
was  installed  in  certain  well-organized  foundries.  Nor 
would  the  control  of  these  important  factors  guarantee 
results  if  pattern  equipment  were  not  suitable.  Morris 
Percheron  in  an  article  in  L'Aeropkile  entitled  The  War's 
Influence  on  Aeronautical  Construction  in  Europe  and 
America,  under  the  heading  of  aluminum  castings  says 

American  engineers  have  actually  made  a  science  of 
aluminum  casting,  where  success  today  is  based  on  the 
disappointments  met  with  at  the  outset,  great  progress 
having  been  made  if  one  compares  the  first  foundry 
experiments  with  the  complicated  work  of  today.  The 
"chance"  method  of  casting  does  not  lead  to  the  produc- 
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tion  of  sound  pieces  either  in  general  or  particularly 
in  the  casting  of  aluminum,  and  herefrom  ensues  the 
great  variation  in  the  quality  of  casting^ 

With  adequate  technical  control  in  our  foundries,  20,- 
000  lb.  per  sq.  in.  can  be  obtained  and  maintained  in 
the  straight  copper-aluminum  series  of  alloys  in  which 
No.  12  is  classed.  If  this  figure  can  be  relied  upon,  it  is 
entirely  suitable  for  automobile  engine  parts  that  have 
commonly  been  made  of  aluminum  heretofore,  including 
oil-pans,  crankcases  and  even  cylinder  blocks.  A  tensile 
strength  of  20,000  lb.  per  sq.  in.  is,  however,  not  suffi- 
cient for  many  purposes,  and  stronger  alloys  are  now 
available.  In  this  connection  I  refer  to  a  product  of  our 
j  laboratories.    It  represents  the  result  '^*  -=.vV,«„ofi«.»  *^ 

search  of  both  the  aluminum-copper  a 
per  zinc  series.  Later  in  the  paper  thi 
more  in  detail. 

Tensile  strength  is  not  the  only  ph 
importance  in  motor-car  construction, 
is  to  be  used  for  any  structural  pun: 
rigidity.  The  rigidity  depends  upor 
elasticity  which  for  aluminum  alloys  i 
that  for  cast  iron  is  20,000,000  ir 
This  means  that  with  a  cast-iron  and  i 
beam  of  the  same  dimensions,  it  will  t 
to  deflect  the  former  that  is  necessi 
latter  an  equal  amount.  If  we  stop  ( 
this  stage,  we  shall  immediately  decid 
of  aluminum  alloys  as  a  structural  m 
not  forget,  however,  that  the  iron  t 
proximately  two  and  one-half  times  mc 
inum  one.  Let  us  see  what  results  we 
both  beams  of  the  same  weight  and  b 
metal  so  as  to  gain  the  greatest  possibl 
would  naturally  mean  that  we  make  tli 
two  and  one-half  times  deeper  than 
The  deflection  varies  inversely  with 
of  elasticity  and  the  cube  of  the  deptl 
deflection  of  the  aluminum  beam  is  t( 
the  cast-iron  beam  as  20,000,000  x  1" 
2.5".  We  thus  find  that  the  deflectioi 
beam  is  practically  seven  times  that 
alloy  beam.  Inversely,  the  aluminum-a 
times  more  rigid  than  the  cast-iron  on 

We  now  determine  how  heavy  the  alu 
must  be  made  to  be  as  rigid  as  the 
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u  =  tne  aeptn  ot  tne  aiummum-aiioy  beam  and  tne 
depth  of  the  cast-iron  one  be  taken  as  unity,  along  the 
line  of  reasoning  already  stated,  we  get 

20,000,000  X 1" 

=  1,  hence 

ir  X  10,000,000 

D'  =  2M,  or 
D  =  1.26 

The  aluminum-alloy  beam  will  be  about  one  and  one- 
fourth  times  deeper  than  the  cast-iron  one.  It  will 
weigh  1.26  -^  2.50  or  approximately  one-half  as  much 
as  the  cast-iron  one.  We  therefore  get  just  as  much 
rigidity  from  an  aluminum-alloy  structure  as  we  do 
from  a  cast-iron  structure  at  one-half  the  weight,  pro- 
vided the  metal  is  distributed  correctly.  Bearing  this  in 
mind,  there  is  certainly  no  better  way  of  lightening  en- 
gine crankcases  than  by  making  them  of  aluminum  alloys. 
In  doing  so  great  attention  must  be  paid  to  the  proper 
distribution  of  the  metal.  Too  often  the  problem  of 
material  and  material  distribution  is  not  given  proper 
consideration  when  the  layout  is  first  made. 

The  ductility  or  the  elongation  of  a  material  is  some- 
times of  importance.  The  percentage  of  elongation  for 
cast  iron  is  very  low,  being  approximately  %  per  cent. 
The  ordinary  casting  aluminum  alloys  have  an  elonga- 
tion of  about  1%  per  cent,  whereas  certain  recently  de- 
veloped alloys  run  as  high  as  5  per  cent  without  any 
reduction  in  tensile  strength.  This,  of  course,  is  de- 
cidedly an  advantage  over  cast  iron. 

Strength,  ductility  and  rigidity  are  not  the  only  re- 
quirements of  a  metal,  especially  one  that  is  to  be  used 
in  a  gasoline  engine.  An  internal-combustion  engine 
is  a  heat  engine  and  one  of  its  duties  is  to  waste  as 
efficiently  and  as  easily  as  possible  that  heat  which  can- 
not be  turned  into  power.  A  metal  with  a  high  heat 
conductivity  is  therefore  desirable.  The  conductivity  of 
aluminum  at  ordinary  temperatures  is  about  three  times 
as  great  as  that  of  cast  iron.  This  at  once  recommends 
a  material  for  such  parts  as  oil-pans  and  water-jacket 
walls.  At  first  it  would  seem  that  if  a  piston  or  cylinder- 
head,  for  example,  were  made  out  of  a  material  having 
a  high  heat  conductivity,  large  power  losses  would  be 
brought  about.  It  so  happens,  however,  that  the  skin 
resistance  or  surface  resistance  to  heat  is  about  the  same 
for  all  metals.    The  heat-flow  into  the  piston  or  cylinder- 
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head  is  therefore  largely  determined  by  the  exposed 
area.  Having  once  entered  these  parts,  the  heat  is  more 
rapidly  conducted  out  of  them,  in  cases  where  the  parts 
are  made  from  the  material  having  a  high  heat  con- 
ductivity than  if  they  are  made  out  of  a  metal  having 
a  low  heat  conductivity.  We  have  reason,  therefore,  to 
believe  that  an  aluminum  piston  or  cylinder-head  will 
stay  cooler  than  an  iron  one.  That  the  temperature 
actually  is  less  in  the  former  case  than  in  the  latter  is 
borne  out  by  the  fact  that  less  carbon  t  " 

below  the  piston  and  less  trouble  with 
encountered.  To  answer  the  requirem 
at  high  temperatures,  special  alloys  ha\ 
for  pistons,  and  still  others  for  such  p 
heads,  in  both  of  which  cases  the  ordii 
would  not  be  desirable. 

Varied  Uses 

In  1913  a  large  manufacturer  built  th 
aluminum  cylinder-blocks.  These  were 
that  they  could  not  be  distinguished  fn 
sold  as  the  regular  product.    The  opera 


Fia.    1 — Aluminum    Cylinder-B 

gines  was  not  different  from  that  of  the 
the  engines  are  still  running.    I  conduc 
elaborate  tests  on  one  of  these  engines 
one  built  entirely  of  cast  iron.    Accura 
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of  the  heat  losses  were  made  and  no  differences  in  these 
losses  were  discovered.  It  is  reasonable  to  expect,  how- 
ever, that  in  the  case  of  an  engine  in  which  the  entire 
combustion   space   is   made   of   aluminum   a   somewhat 


Pia.    2 — Method   op   Inserting   Cast-Iron   Sleeves   in   Aluminum 
Cylinder-Block 


higher  compression  pressure  could  be  used.  Fig.  1 
shows  this  cylinder-block  and  Fig.  2  the  method  of  in-* 
serting  the  cast-iron  sleeves  in  which  the  pistons  oper- 
ated. A  few  years  after  these  thirty  engines  had  been 
built,  another  company  came  out  with  an  engine  con- 
structed almost  entirely  of  aluminum.  This  was  the 
first  commercial  all-aluminum  engine.  Shortly  after- 
ward a  third  company,  placed  on  the  market  an  engine 
of  similar  construction.  Both  of  these  engines  utilized 
cast-iron  cylinder-liners.  These  were  installed  similarly 
to  the  method  shown  in  Fig.  2.  Later  the  aluminum 
was  removed  from  around  the  cast-iron  liners,  thus 
allowing  the  water  to  come  directly  in  contact  with  the 
cylinder  wall.  This  method  of  installing  is  shown  in 
Fig.  3.  Fig.  4  shows  an  engine  that  was  designed  at 
our  laboratories,  involving  a  large  use  of  aluminum 
alloys.  The  parts  made  of  aluminum  are  indicated  by 
letters  and  named  in  the  list  below. 

A  history  of  the  use  of  aluminum  in  gasoline  engines 
would  not  be  complete  without  mentioning  the  Liberty 
engine.  Although  this  is  an  aviation  engine,  I  will  men- 
tion a  few  interesting  comparisons.    In  this  engine  225 
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FiQ.  3 — Method  with  Water  in  Contact  with  Cast-Iron  Linkr 

lb.  of  finished  aluminum  alloys  is  used.  The  finished 
engine  weighs  about  825  lb.  The  percentage  of  alum- 
inum is,  therefore,  about  27.  If  all  these  parts  were 
to  be  replaced  with  parts  made  of  cast  iron,  they  would 
add  approximately  325  lb.,  making  the  engine  weigh  1160 
lb.  There  can  be  no  doubt  as  to  the  advantage  of  re- 
ducing the  weight  of  an  aviation  engine  by  an  amount 
equal  to  that  just  mentioned  and,  generally  speaking, 
weight  reduction  is  as  important  in  an  automobile  en- 
gine as  it  is  in  an  aviation  engine. 

The  use  of  aluminum  alloys  in  motor-car  construction 
need  not  be  limited  to  the  engine.  It  is  quite  as  impor- 
tant that  other  parts  of  the  car  be  made  as  light  as  pos- 
sible. We  find,  today  that,  due  to  recent  alloy  develop- 
ments, this  material  can  be  used  to  advantage  also  in 
transmission  cases,  differential  and  woi^n-gear  carriers, 
fans,  radiator  headers  and  shells  and  a  great  variety 
of  other  places.  My  company  alone  makes  castings  for 
something  like  seventy  different  parts  used  in  motor- 
car construction.  This  included  cast  aluminum  bodies, 
which  require  still  another  type  of  alloy  capable  of  being 
cast  in  thin  sections  of  large  area  and  embodying  tough- 
ness and  ductility.  Cast  aluminum  has  certain  advan- 
tages as  a  body  material.  It  is  light,  strong  and  presents 
a  hard  surface  for  finishing.  Fig.  5  shows  a  cast  alum- 
inum body  complete  with  the  exception  of  upholstering 
and  paint. 

Recent   Developments 

1  shall  now  take  up  the  different  developments  made 
in  the  old  and  the  new  alloys  and  in  their  use  within  the 
last  few  years.  These  developments  may  be  divided  into 
three  main  divisions. 
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(1)  Development    of    new    and    better    methods    for 
handling  old  alloys 

(2)  The  production  of  new  alloys 

(3)  A  study  of  the  design  of  parts  to  adapt  them  to 
the  use  of  aluminum 

Progress  along  the  lines  coming  under  the  first  divi- 
sion has  already  been  discussed.  They  include  the  con- 
trolling of  the  melting  and  pouring  temperatures  in  the 
foundry,  and  the  making  of  routine  physical  tests, 
routine  chemical  analyses,  etc. 


Fig.  4 — Engine  in  Which  Aluminum  Is  Used  to  a  Large  Extent 


A — Intake  Manifold 

B — Cylinder-Head  Cover 

C — Cylinder     Water     Outlet 

Elbow 
D — Cylinder-Head 
E — Cylinder-Head  End  Cover 
P — Exhaust  Manifold 
G — Piston 
H— Cylinder 
I — Crank  case 


J — Timing-Gear  Cover 

K — Fan  Pulley 

Lr— Oil-Pan 

M — Fan 

N — Crankshaft  Bearing  Caps 

O — Water-Pump 

P — Fan      and     Water-Pump 

Bracket 
Q — Cylinder      Water       Inlet 

Elbow  and  Tee 
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Alloy  development  has  progressed  to  a  large  extent 
in  the  last  few  years.  Having  arranged  foundry  prac- 
tice so  that  a  physical  specification  of  the  existing  alloys 
could  be  continuously  met,  it  was  only  natural  that  our 
energies  should  be  turned  toward  creating  new  alloys 
which  would  meet  different  requirements.  As  previously 
stated,  an  aluminum  alloy  having  a  tensile  strength  of 
20,000  lb.  per  sq.  in.  can  be  used  for  nearly  all  purposes 
for  which  cast  iron  is  used,  so  far  as  strength  goes. 
There  are  many  parts,  however,  which  are  today  made 
of  malleable  iron,  steel  castings  and  mild  carbon  steels, 
which  an  alloy  of  this  strength  could  not  replace.  Many 
of  these  parts  could  advantageously  be  made  lighter  and 
to  accomplish  this  it  was  necessary  to  develop  a  stronger 
aluminum  alloy.  The  alloy  developed  by  our  laboratories 
to  meet  these  requirements  has  a  tensile  strength  of 
27,500  lb.  per  sq.  in.,  an  elongation  of  4.5  per  cent  and 
an  impact  value  of  1.96  ft.-lb.  Comparing  this  with 
the  values  for  another  alloy  similar  to  the  well-known 
No.  12,  which  has  a  tensile  strength  of  20,000  lb.  per  sq. 
in.,  an  elongation  of  1.5  per  cent  and  an  impact  value  of 
0.76  ft.-lb.,  it  is  evident  that  much  progress  has  been 
made.  All  these  increases  are  at  the  expense  of  increas- 
ing the  weight  from  0.103  to  0.106  lb.  per  cu.  in.  I  feel 
that  this  alloy  represents  the  best  that  can  be  done  with 
either  the  aluminum-copper  or  aluminum-copper-zinc 
series. 

I  advise  caution  against  misinterpretations  of  the 
figures  given.  We  must  not  take  the  37.5  per  cent  in- 
crease in  tensile  strength  to  mean  that  we  can  reduce 
the  sections  of  the  castings  by  that  amount.  Thinness 
of  sections  is  generally  limited  by  the  ability  to  cast 
them  and,  for  the  time  being,  the  thickness  of  castings 
is  generally  as  small  as  it  is  commercially  possible  to  pro- 
duce. A  stranger  alloy,  therefore,  means  an  extension  of 
the  use  of  aluminum  to  parts  that  could  not  formerly 
be  made  of  this  material,  rather  than  that  existing  parts 
can  be  made  very  much  thinner.  Again,  strength  is  not 
the  only  requirement.  While  both  of  the  alloys  already 
mentioned  retain  their  strength  at  ordinary  temper- 
atures, at  the  higher  temperatures  this  drops  off 
rapidly.  Another  alloy  Is  therefore  necessary  for  such 
parts  as  pistons  and  the  like  which  are  subjected  to  high 
temperatures.  We  have  developed  and  used  for  several 
years  an  alloy  that  will  withstand  higher  temperatures. 
Its  strength  when  cast  in  permanent  molds  is  28,000  lb. 
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per  sq.  in.,  while  the  impact  value  is  0.58  ft.-lb.  and  the 
elongation  about  0.5  per  cent.  The  weight  is  0.107  lb. 
per  cu.  in.  Pistons  cast  in  permanent  molds  are  superior 
to  those  cast  in  sand.  When  cast  in  sand  the  tensile 
strength  for  this  alloy  is  less  than  27,500  lb.  per  sq.  in. 


Fio.   5 — Cast  Alxtminum   Body 

It  was  necessary  for  us  to  develop  also  an  alloy  that 
could  withstand  a  great  amount  of  pressure.  The  alloy 
developed  to  meet  this  requirement  has  a  tensile  strength 
of  19,000  lb.  per  sq.  in.  and  weighs  0.107  lb.  per  cu.  in. 
It  can  be  used  for  water-jackets  and  similar  parts. 
Where  it  is  necessary  to  use  an  alloy  in  a  place  where 
both  pressure  and  temperature  must  be  withstood,  it  is 
necessary  to  make  a  special  alloy  which  embodies  the 
properties  of  the  two  already  mentioned.  Cylinder-heads 
come  under  this  classification.  This  information  is  given 
in  the  table  on  page  896. 

In  designing  some  particular  part  to  fit  the  require- 
ments of  aluminum  you,  as  engineers,  can  give  the 
greatest  assistance.  Do  not  design  a  part  and  then  select 
the  material.  If  an  aluminum  alloy,  on  account  of  light- 
ness or  high  heat  conductivity,  would  particularly  adapt 
itself  to  a  part,  consult  someone  who  knows  about  such 
design.  The  history  of  the  aluminum  piston  is  rich  in 
evidence  proving  the  correctness  of  this  advice.  The 
aluminum  piston  is  here  to  stay  but  we  know  that  all 
experience  with  it  was  not  pleasant.  About  75  per  cent 
of  the  trouble  was  due  to  the  tenacity  with  which  en- 


gineers  clung  to  the  design  used  for  cast-iron  pistons. 
We  have  overcome'  this  and  today  we  design  aluminum 
pistons.  The  experimental  work  necessary  to  establish 
a  satisfactory  design  for  a  piston  was  great,  but  the 
effort  to  sell  it  to  engineers  was  even  greater.  Formulas 
for  the  design  of  pistons,  for  clearance,  etc,  have  all 
been  worked  out  and  are  available. 

New  Uses  for  Aluminum  Alloys 

The  physical  properties  of  the  alloys  in  the  table  given 
have  made  possible  the  use  of  aluminum  for  parts  not 
before  constructed  of  aluminum  alloys.  Axle  housings 
have  been  cast  from  one  of  these  alloys  and  excellent  re- 
sults obtained.  Fig.  6  shows  a  3-ton  truck  rear-axle 
housing  being  tested.  A  housing  of  similar  design  but 
made  from  cast  steel  was  also  tested  and  it  is  interesting 
to  compare  the  results.  The  aluminum  housing  weighed 
90  lb.,  while  the  steel  casting  weighed  175  lb.  Under 
a  pressure  of  6  tons  the  latter  had  a  permanent  set  of 
y2  in.,  while  the  aluminum  one  showed  none.  Tests  on 
the  steel  housing  were  not  carried  beyond  this  point 
At  7  tons  the  aluminum  housing  had  a  permanent  set  of 
3/64  in.  and  failure  occurred  at  9V^  tons. 

This  same  material  has  been  used  for  truck  wheels 


Alloy 

Tensile 
Strength 
of  Sand 
Castings, 
lb.  per 
sq.  in. 

Impact 
Values, 
ft.-lb. 

Elonga- 
tion in 
2  In., 
percent 

Weight 

per 
Cu.  In., 

lb. 

Lynite  112 

20,000 

0.76 

1.5 

0.103 

Lynite  145 

27,500 

1.96 

4.5 

0.106 

Lynite  122 

28,000* 

0.58 

0.5 

0.107 

Lynite  100 

19,000 

0.107 

*Cast  in  permanent  molds. 
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Fia.  6 — Three-Ton  Truck  Aluminum  Rear-Axlb  Housinq  Under 

Test 


also.  Several  trucks  equipped  with  aluminum  disk 
wheels  were  tested  at  the  Rock  Island  Arsenal  The 
test  consisted  in  mounting  the  truck  on  drums  which 
were  connected  to  brakes  for  absorbing  the  load  when 
the  truck  was  running.  Cleats  were  placed  every  90 
deg.  on  the  drum.  The  truck  was  operated  at  a  speed  of 
15  m.p.h.,  which  meant  that  the  tires  were  struck  about 
260  times  per  min.  by  the  cleats  on  the  drums.  The  im- 
pact was  sufficient  to  raise  the  truck  l^^  in.  from  the 
drum  and  also  to  result  in  breaking  a  number  of  parts 
on  the  truck  by  vibration.  The  test  was  equivalent  to 
500  miles  and  the  wheels  were  all  in  good  condition  when 
it  was  completed.  Each  of  the  aluminum  wheels  used  in 
this  test  weighed  82  lb.,  while  the  original  steel  wheels 
weighed  248  lb.  each,  making  a  total  saving  of  weight  of 
664  lb. 
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The  use  of  aluminum  alloys  in  motor  cars  seems  to 
divide  itself  into  two  sections 

(1)  Those  parts  made  of  aluminum  at  the  present  time 

(2)  Parts   which  will   be   made   of   aluminum    in   the 
future 

To  the  first  class  belong  such  parts  as  pistons,  crank- 
cases,  cylinder-blocks,  oil-pans,  inlet  manifolds,  bodies, 
etc.  It  would  be  folly  to  try  to  prophesy  to  what  extent 
aluminum  will  be  used  eventually  in  motor-car  con- 
struction without  limiting  the  prophecy  to  a  period  not 
greater  than  one  year.  At  this  time  it  is  safe  to  expect 
such  parts  as  wheels,  rear-axle  housings  and  the  like  will 
be  aluminized.  Many  developments  along  different  lines 
are  in  progress. 

THE    DISCUSSION 

Question  :— -Have  you  had  any  experience  with  Dural- 
umin? The  advertisements  give  physical  properties  ex- 
ceeding any  you  have  mentioned. 

Mr.  Jehle: — Duralumin  is  a  rolled  product.  It  is  not 
a  casting  alloy.  The  alloys  I  have  mentioned  were  all 
casting  alloys.  The  tensile  strength  generally  given  for 
Duralumin  is  about  60,000  lb.  per  sq.  in.  We  are  con- 
fining our  present  activities  to  making  castings  and 
studying  casting  alloys. 

E.  W.  Weaver: — I  have  been  told  by  people  using 
aluminum  cylinder-blocks  that  tt  was  necessary  to  give 
them  a  Bakelite  coating  to  make  them  hold  water.  Is  that 
practice  general? 

Mr.  Jehlb: — ^We  treat  some  castings  to  protect  them 
against  leaks.  Sometimes  the  coating  given  them  per- 
forms the  additional  purpose  of  protecting  the  casting 
against  corrosion.  The  difficulty  with  leaks  is  greater  in 
experimental  castings  than  with  castings  made  in  regu- 
lar production.  If  the  first  casting  is  porous  it  can  very 
often  be  remedied  by  providing  proper  pattern  equip- 
ment. 

Question  : — How  does  the  wear  of  an  aluminum  piston 
compare  with  that  of  a  cast-iron  piston? 

Mr.  Jehle: — The  wear  is  about  the  same  if  both  are 
operating  in  good  cylinders  and  under  good  conditions. 
Wear  depends  upon  the  nature  of  the  surfaces  and  the 
lubrication.  If  the  conditions  are  equal  there  is  no  dif- 
ference in  wear. 
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recommend  for  water-jackets  and  water  piping,  to  pre- 
vent leakage? 

Mr.  Jehle: — That  depends  largely  upon  the  design.  A 
3/16-in.  section  can  be  cast,  but  one  much  thinner  is  not 
practicable.  If  such  a  section  is  cast  against  one  of  V2-in. 
thickness,  this  may  cause  trouble.  The  question  of  thin- 
ness of  section  is  not  only  in  regard  to  the  thinnest  that 
can  be  cast,  but  also  depends  upon  how  equal  all  the  sec- 
tions are.  If  all  are  made  thin  it  is  easier  to  get  a  good 
casting  than  if  some  sections  are  thin  and  others  very 
heavy.  A  head  with  complicated  water  passages  cannot 
be  cast  as  thin  as  a  flat  plate. 

Question  : — ^What  work  has  been  done  with  aluminum 
in  place  of  cast-iron  cylinder-heads,  and  what  compres- 
sion pressure  can  be  used? 

Mr.  Jehle  : — I  have  no  test  results  or  figures  showing 
exactly  how  much  the  compression  can  be  increased  by 
the  use  of  aluminum  heads  and  pistons.  It  is,  however, 
a  fairly  well-established  fact  that  preignition  does  not 
result  from  the  heat  of  compression  alone;  if  it  did,  the 
compression  in  all  engines  would  be  the  same.  Accord- 
ingly, preignition  must  be  caused  by  some  local  hot-spot. 
If  that  spot  is  on  the  piston  or  the  cylinder  head,  this 
can  be  remedied  by  using  a  material  such  as  aluminum 
which  is  a  better  heat  conductor. 

Question: — Is  the  bearing  for  the  pin  in  the  piston? 

Mr.  Jehle: — ^We  make  pistons  both  ways.  We  must 
make  them  as  our  customers  want  them,  but  we  recom- 
mend that  a  floating  pin  be  used,  free  in  both  the  rod 
and  the  piston.  By  a  floating  pin  I  do  not  mean  a  loose 
one,  but  one  which  can  be  lightly  tapped  into  place.  If 
the  pin  has  much  clearance  when  cold,  it  will  have  more 
clearance  when  hot.  Our  experience  has  been  that  a 
floating  pin  in  both  members  is  superior  to  one  held  in 
either  member.  I  would  rather  hold  the  pin  in  the  rod 
than  in  the  piston. 

Question  :— Referring  to  wrist-pin  fastenings,  do  you 
put  a  ring  around  the  wall? 

Mr.  Jehle: — There  are  various  methods  of  fastening. 
I  prefer  the  small  spring-ring  in  the  end  of  the  wrist-pin 
hole,  if  care  is  taken  to  sink  it  to  more  than  one-half  its 
depth  into  the  aluminum.  If  this  is  not  done  there  may 
be  a  wedging  action  that  breaks  the  aluminum. 

Question  : — Is  aluminum  ever  heat-treated,? 

Mr.  Jehle: — I  understand  that  you  refer  to  heat- 
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treatment  for  strength.  We  do  heat-treat  some  castings, 
such  as  pistons.  We  can  regulate  the  hardness  somewhat. 
Sometimes  a  piston  may  increase  in  size  while  it  is  in  the 
engine,  but  we  can  do  this  ahead  of  time  by  heat-treat- 
ing.   However,  I  believe  the  strength  is  not  increased. 

Question  : — ^When  aluminum  is  used  in  cylinders,  is  it 
necessary  to  season  as  in  the  case  of  iron  cylinders? 

Mr.  Jehle: — ^Yes,  it  is  a  good  thing.  It  would  be  well, 
I  feel,  if  all  the  users  of  aluminum  would  do  just  the 
same  with  it  as  with  cast  iron,  but  it  is  hard  to  get  them 
to  believe  that.  Referring  to  the  question  of  growth, 
this  can  be  brought  about  artificially  by  a  higher  or  a 
lower  temperature,  if  the  casting  ages  long  enough  and 
casting  strains  are  thus  relieved. 

Question: — I  understand  that  in  1917  some  Califor- 
nian  aeronautical  firms  were  building  four  and  six-cylin- 
der experimental  engines  and  that  they  experimented 
with  aluminum  valve  seats.    How  did  they  stand  up? 

Mr.  Jehle: — We  now  have  an  engine  running  that  has 
aluminum  valve  seats,  but  thus  far,  for  commercial  pur- 
poses, we  have  been  contented  with  cast-iron  or  bnmze 
seats.  A  bronze  seat  is  satisfactory,  either  cast  or 
screwed  in.  For  the  inlet  valve  I  think  the  aluminum 
seat  would  be  satisfactory;  but  for  the  exhaust-valve  I 
am  not  so  certain.  We  ran  an  engine  for  several  hours 
and  it  apparently  stood  up  well.  We  prefer  to  cast  in 
the  bronze  seats.  The  coefficient  of  expansion  of  bronze 
is  nearer  that  of  aluminum  than  that  of  cast  iron. 

Question  : — Can  the  toughness  of  aluminum,  when  it 
is  to  be  used  in  place  of  malleable  iron,  be  increased? 

Mr.  Jehle: — Aluminum  alloys  can  in  my  opinion  be 
used  in  every  place  where  malleable  iron  can  be,  in  regard 
to  both  strength  and  elongation.  The  strength  and 
elongation  of  malleable  iron  vary  over  a  wide  range. 
Just  how  these  can  be  controlled  I  do  not  know.  I  think 
our  alloy  having  a  tensile  strength  of  27,500  lb.  per  sq. 
in.  can  be  used  in  every  place  where  malleable  iron  is 
used.  With  a  tensile  strength  for  malleable  iron  of  over 
30,000  lb.  per  sq.  in.  and  that  for  aluminum  over  27,500 
lb.  per  sq.  in.,  we  could  still  make  a  part  of  aluminum, 
having  half  the  weight,  by  making  the  section  thicker. 

Aluminum  Pistons 

Question  : — Is  it  now  possible  to  design  an  aluminum 
piston?  How  is  this  done?  What  has  been  the  past 
experience? 


Mr.  Jehle: — The  aluminum  piston  question  is  com- 
plex. We  first  made  the  pistons  too  light,  with  heads 
about  3/32  in.  thick  and  the  walls  of  about  this  same 
thickness.  We  took  too  much  advantage  of  lightness.  We 
found  that  we  had  to  use  more  metal.  Then  we  were  a 
long  time  finding  out  the  proper  clearance.  We  tried  to 
run  pistons  with  too  small  a  clearance.  One  of  the  best 
examples  of  aluminum  pistons,  I  believe,  is  found  in  the 
Liberty  engine.  This  piston  was  not  as  light  as  we  could 
make  it;  it  weighed  about  3  lb.  and  had  a  head  about 
%  in.  thick.  We  now  have  several  formulas,  based  upon 
the  heat  that  must  be  conducted  from  the  pistons  into 
the  water-jacket,  for  calculating  head  thickness,  etc.  We 
get  a  certain  amount  of  heat  in  the  piston-head  which 
depends  upon  the  exposed  area  and  we  must  provide 
enough  metal  to  dissipate  it.  The  exact  duplicate  in  cast 
iron  would  weigh  two  and  one-half  times  more  than  the 
Liberty  piston.  Since  cast  iron  is  three  times  a  poorer 
conductor  of  heat  than  aluminum,  three  times  as  much 
metal  must  be  added  to  give  it  the  same  conductivity. 
This  would  produce  pistons  weighing  seven  times  as 
much,  or  21  lb.  We  are  now  basing  piston  calculations 
on  Liberty  engine  performance,  making  an  allowance  for 
the  fact  that  the  horsepower  output  per  square  inch  is 
less  in  automobile  than  in  aviation  engines.  The  next 
important  thing  to  be  settled  is  how  much  clearance  to 
give  pistons.  This  depends  largely  upon  the  individual 
engine,  but  we  have  been  successful  in  devising  a  for- 
mula that  gives  a  good  starting  point  for  tests.  We  find 
that  if  we  allow  0.0006  times  the  diameter  of  the  piston 
squared,  we  get  about  the  correct  clearance.  That  may 
be  a  trifle  too  much  or  we  may  find  that  a  trifle  more  is 
necessary.  Then  comes  the  question  of  ring  fits;  they 
should  of  course  be  just  as  close  as  possible  in  the 
grooves.  If  a  ring  is  loose  when  cold,  it  will  be  looser 
when  hot. 

Question: — It  is  said  that  the  Franklin  company  is 
using  aluminum  pistons  very  successfully. 

Mr.  Jehle: — ^The  Franklin  company  is  using  alumi- 
num pistons.  Of  course,  the  clearance  formula  I  gave 
must  be  modified  in  an  air-cooled  cylinder.  There  is  a 
different  condition  in  air-cooled  from  that  in  water- 
cooled  engines. 

Question: — If  aluminum  can  stand  compression,  why 
use  a  cast-iron  sleeve  in  an  aluminum  block? 
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Mr.  Jehle: — That  is  a  question  of  bearing  surfaces 
only.  Cast  iron  seems  to  be,  as  far  as  we  know,  the  only 
metal  that  works  well  as  a  bearing  when  both  parts  are 
made  of  it.  We  may  later  be  able  to  get  an  aluminum 
alloy  that  will  run  successfully  on  another  aluminum 
alloy,  but  to  date  we  have  not  found  it. 

Question  : — Is  the  coefficient  of  heat  expansion  the 
same  in  all  aluminum  alloys? 

Mr.  Jehle: — It  is  very  nearly  the  same.  The  expan- 
sion of  aluminum  alloys  is  very  close  to  that  of  the  ex- 
pansion of  pure  aluminum,  so  far  as  we  know  now.  While 
we  may  gain  a  small  percentage  on  one  alloy  it  really 
does  not  amount  to  much.  Even  if  we  found  an  alloy  that 
would  expand  10  per  cent  less  than  some  other,  10  per 
cent  of  say  0.007-iiL  clearance  is  not  within  manufactur- 
ing limits.  If  we  could  find  an  alloy  that  would  cut  the 
expansion  one-half,  it  would  be  worth  while. 

A.  W.  Hubbel: — ^What  are  the  objections  to  the  use 
of  aluminum  pistons?  We  have  done  much  experiment- 
ing in  England  with  the  aluminum  piston.  We  have  had 
some  trouble,  the  chief  one  being  piston  slap. 

Mr.  Jbhlb: — The  fact  is  that  the  definition  of  piston 
slap  is  quite  elastic.  I  have  known  it  to  cover  everything 
from  a  slight  tapping  of  the  piston  to  the  noises  in  the 
rear  axle.  Nevertheless  there  is  such  a  thing,  and  when 
pistons  are  larger  than  4  in.,  it  becomes  more  serious. 
Piston  slap  is  one  thing  we  must  overcome.  Clearance, 
of  course,  is  what  brings  it  about.  We  find,  however, 
that  in  pistons  of  not  over  3%  in.  in  diameter,  it  is  not 
serious  if  the  wrist-pin  location  is  in  the  center  of  the 
bearing  surface  and  the  clearance  is  kept  close.  I  do 
not  mean  the  clearance  given  on  blueprints,  but  that 
actually  found  in  the  engine.  Strange  to  say,  therein 
lies  a  difference.  I  have  taken  pistons  out  of  new  engines 
and  so  have  come  into  possession  of  new  pistons  that 
actually  measured  more  at  the  top  end  than  at  the  bot- 
tom of  the  skirt.  Tapering  pistons  is  good  practice  and 
to  a  certain  extent  overcomes  slap,  but  we  have  to  taper 
them  in  the  other  direction.  Now  we  find  there  are  two 
ways  of  tapering  pistons ;  one,  a  straight  taper  from  the 
skirt  to  the  top;  the  other,  to  make  the  piston  straight 
part  of  the  way  %nd  then  taper  it,  which  I  believe  is 
the  better  method.  This  has  to  be  resorted  to  in  large 
pistons.  The  majority  of  the  cars  use  3%-in.  pistons  and 
we  do  not  have  much  trouble  with  pistons  of  that  size. 
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Question: — Why  have  the  pin  tight  in  the  piston? 

Mr.  Jehlb: — The  wrist-pin  hole  gets  larger  and  the 
clearance  between  the  pin  and  its  i)earing  will  be  larger 
when  the  piston  is  hot  than  when  it  is  cold,  but  the 
methods  for  fastening  a  pin  in  a  piston  are  difficult. 
From  tests,  I  believe  the  bfest  way  to  put  in  a  pin  is  to 
let  it  float  in  both  members.  Put  it  in  tight  in  the  pis- 
ton ;  make  it  a  tapping  fit  so  it  is  tight  when  the  engine 
is  cold.  Recently  I  put  in  a  set  of  pistons  in  which  the 
pin  was  held  by  pushing  a  cotter-pin  through  a  hole  in 
the  pin  and  wrist-pin  boss.  The  cast-iron  piston  was  held 
that  way  and  they  did  not  want  to  change  the  design. 
We  put  the  pistons  in  and  when  we  took  them  out  five 
of  the  six  cotter-pins  had  been  broken.  In  cast  iron  that 
fastening  might  have  been  successful,  because  the  pin 
would  have  expanded  as  much  as  the  piston,  but  with 
aluminum  the  piston  expanded  away  from  the  pin  which 
became  loose  and  the  cotter-pins  sheared  off. 
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DETROIT  SECTION  PAPER 

THE  AUTOMOTIVE  SITUATION  IN  THE 
ALLIED  AND  ASSOCIATED  COUNTRIES 


The  author  describes  a  rapid  trip  through  England, 
France  and  Italy,  and  visits  to  various  automobile 
plants,  touching  upon  some  of  the  important  affairs 
connected  with  the  automobile  industry  in  February 
and  March,  1920,  when  conditions  were  in  process  of 
stabilization  after  the  war.  Following  comments  upon 
freight  and  passenger  transportation  in  Liverpool, 
London  and  Paris,  he  describes  the  Conference  of  In- 
ter-Allied Automobile  Industries,  at  Paris,  and  its  activ- 
ities relative  to  standardization,  import  duties  and 
other  important  matters.  Automobile  factories  in 
France  and  Italy,  including  the  Berliet,  Fiat,  Isotta- 
Fraschini  and  Renault,  are  referred  to,  methods  of 
production  therein  being  commented  upon. 

Europe  as  an  automobile  market  is  discussed,  com- 
parisons being  made  of  the  number  of  automobiles  per 
capita  now  in  use  in  England,  Belgium,  France  and 
Italy,  combined;  the  United  States;  England;  France, 
Italy  and  Belgium;  in  connection  with  population  sta- 
tistics. The  author's  opinion  is  that  European  manu- 
facturers will  never  fully  develop  their  own  potential 
market  and  that  it  rests  with  American  manufacturers 
either  to  make  cars  in  Europe  or  to  make  them  in  this 
country  and  export  them.  In  conclusion,  labor  condi- 
tions are  mentioned  in  general  terms. 

At  a  meeting  of  the  Detroit  Section,  C.  C.  Hanch,  gen- 
eral manager  of  the  Maxwell-Chalmers  Corporation,  and 
H.  E.  Coffin,  vice-president  and  consulting  engineer  of 
the  Hudson  Motor  Car  Co.,  spoke  on  the  condition  of  the 
automotive  industry  in  the  allied  and  associated  coun- 
tries. Mr.  Hanch  went  abroad  after  the  signing  of  the 
armistice  in  November,  1918,  to  study  conditions  and 
make  a  report  on  them. 

ADDRESS  OF  C.  C.  HANCH 

I  shall  describe  a  rapid  trip  through  England,  France 
and  Italy  and  visits  to  some  of  the  automobile  plants, 
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with  the  automobile  industry. 

I  landed  in  Liverpool  last  February.  The  people  were 
then  just  beginning  to  come  out  of  the  war  cyclone  cel- 
lar. They  did  not  know  the  war  was  over  until  then. 
One  could  form  no  conclusions  or  have  an  intelligent 
opinion  on  conditions  over  there  prior  to  that  time. 
The  first  thing  that  struck  me  in  Liverpool  was  that  an 
enormous  shipping  business  was  being  carried  on  with 
practically  no  motor  trucks.  On  the  contrary,  in  spite 
of  the  length  of  the  war,  I  saw  great  quantities  of  mag- 
nificent teams  of  horses  in  the  large  industrial  cities  of 
England.  In  going  from  Liverpool  to  London,  I  did  not 
see  a  single  freight  car  that  would  hold  more  than  one 
full-grown  automobile  or  truck.  This  gives  an  idea  of 
our  comparative  situation  from  a  shipping  standpoint. 

In  London,  at  that  time,  there  were  perhaps  10  per 
cent  enough  taxicabs  to  supply  the  population,  and  the 
drivers  were  not  very  anxious  to  work.  If  it  was  lunch- 
time  it  was  hard  to  get  any  service.  On  the  contrary, 
in  daytime,  the  bus  system  of  London  gives  splendid 
service.  I  would  like  to  see  the  equivalent  of  the  London 
buses  in  more  streets  of  our  own  cities.  They  would  be 
of  great  assistance  to  our  present  overworked  trans- 
portation systems.  One  impression  that  I  received  in 
London  was  that  in  one  drive  it  required  an  hour  and 
three-quarters  to  get  through  traffic  in  an  automobile,  a 
distance  of  probably  two  blocks.  That  situation  occurs 
at  certain  hours  daily,  due  to  the  almost  exclusive  use  of 
horses,  big  drays  and  very  light  loads,  at  low  speed. 

In  Paris  I  was  not  dependent  upon  taxicabs,  but  the 
same  situation  exists  there  as  in  London.  The  taxicab 
drivers  were  indifferent  and  reckless.  There  were  not 
over  25  per  cent  enough  taxicabs  to  supply  the  city,  and 
they  were  largely  old  two-cylinder  Renault  cars.  The 
drivers  were  getting  $8  per  day  in  gold  at  the  time,  be- 
ing paid  upon  the  basis  of  40  per  cent  of  the  receipts 
and  having  to  buy  their  own  gasoline.  This  was  in 
March.  I  noticed  also  in  Paris  the  total  absence  of  local 
traffic  rules,  although  the  American  military  police  had 
a  semblance  of  rules  for  American  military  automobiles. 
People  ordinarily  drive  as  they  please.  It  is  a  habit  of 
Paris  taxicab  drivers  to  go  about  25  m.  p.  h.  and  turn 
sharp  in  the  street  without  giving  a  warning  signal. 
Consequently,  wrecks  in  the  streets  of  Paris  were  fre- 
quent. 
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My  purpose  in  going  to  Paris  was  to  attend  the  CJon- 
ference  of  Inter-Allied  Automobile  Industries.  There 
were  delegates  from  England,  France,  Belgium,  Italy 
and  the  United  States.  There  has  been  an  international 
organization  over  there  for  a  number  of  years  of  auto- 
mobile industries,  formerly  including  those  of  Germany 
and  of  Austria.  After  the  war  delegates  from  the 
United  States  were  invited  to  take  the  place  of  the  former 
members  from  Germany  and  Austria. 

The  first  day  no  business  was  done.  The  second  day 
they  began  v^ork,  but  had  only  three  or  four  topics. 
One  was  the  international  relation  of  automobile  shows. 
We  found  that  the  dates  of  the  Paris,  London,  New 
York  and  Chicago  shows  did  not  conflict;  it  was  agreed 
to  establish  those  dates  permanently  and  that  exhibitors 
should  be  admitted  to  the  shows  upon  reciprocal  terms. 
Whatever  terms  we  imposed  upon  the  exhibitors  from 
France  and  England,  they  will  impose  upon  us  in  Paris 
and  London.  They  desired  to  have  their  show  rules 
adopted  throughout  the  world,  but  I  think  they  are  not 
applicable  to  conditions  in  America.  Their  rules  provide 
that  any  manufacturer  who  has  exhibited  for  three  con- 
secutive times  at  a  show,  regardless  of  how.  many  cars 
he  made,  is  entitled  to  exhibition  space  of  equal  promi- 
nence with  that  of  the  largest  manufacturer.  The  con- 
ference decided  to  establish  a  permanent  bureau  of  the 
organized  automobile  industries,  which  simply  takes  the 
place  of  the  former  organization,  leaving  out  Germany 
and  Austria. 

Standardization 

The  subject  of  standardization  was  not  on  the  pro- 
gram and  I  asked  them  to  put  it  down  for  discussion. 
They  accepted  the  suggestion  and  I  have  since  learned 
that  they  have  earnestly  made  efforts  along  that  line, 
taking  up  a  number  of  things  which  are  fairly  well 
standardized  in  America,  such  as  the  mounting  of  elec- 
trical units,  battery  sizes  and  locations,  electrical  ter- 
minals, tires  and  rims.  I  felt  that  we  in  America  had 
everything  to  gain  from  such  standardization,  and  that 
it  would  be  a  good  thing  for  them.  It  was  a  new  idea 
to  them.  In  the  past  all  of  the  European  manufacturers 
thought  that  every  part  of  a  car  must  be  unique  and 
different  from  that  of  every  car  made  by  any  other  man- 
ufacturer. They  thought  this  was  necessary  to  hold  their 
service  trade. 
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I  brou£:ht  up  also  the  subject,  which  has  since  been 
followed  up  systematically,  pf  the  reduction  of  annual 
taxes  for  the  use  of  automobiles.  Taxes  are  very  high. 
They  decided  to  inaugurate  publicity  campaigns  in  Eng- 
land, Italy  and  France,  simultaneously;  to  reduce  the 
taxes  on  the  use  of  automobiles  and  on  gasoline.  I  am 
advised  that  they  have  already  accomplished  some  good 
results,  particularly  in  England. 

Import  Duties 

The  last  and  most  delicate  subject  handled  by  the  con- 
ference was  that  of  embargoes  and  customs  duties.  It 
was  at  this  stage  that  I  became  acquainted  with  the  real 
mental  business  attitude  of  the  European  people,  the 
Latin  people  in  particular.  It  was  the  thought  of  many 
of  those  men  that  America  had  gone  into  the  war  for 
absolutely  selfish  purposes.  They  seemed  to  have  no 
conception  that  we  had  gone  into  the  war  for  the  un- 
selfish reasons  which  we  all  feel  in  our  own  hearts  were 
our  true  motives.  They  felt  that  we  had  made  great 
sums  of  money  out  of  the  war  before  we  went  into  it,  and 
had  become  immensely  wealthy;  that  they  had  suffered 
hardships  which  we  had  not  borne;  and  that  therefore 
the  equitable  thing  for  the  American  people  to  do  is  to 
pro-rate  the  entire  cost  of  the  war  from  the  beginning 
with  all  of  them;  cancel  all  of  their  debts  to  us,  and 
cease  entirely  to  compete  with  them,  or  to  ship  any  auto- 
mobiles over  there.  I  could  not  accept  this  economic 
formula  and  became  involved  in  some  discussion  over 
the  subject  before  I  left  Prance.  Finally,  they  proposed 
a  resolution  on  the  question  of  tariffs  and  embargoes,  but 
upon  my  insistent  objection  they  rested  with  simply  stat- 
ing their  position. 

The  statement  of  their  desires  in  legard  to  tariffs  is 
that  there  should  be  reciprocity  on  a  basis  of  10  to  15 
per  cent  ad  valorem,  provided  the  tariff  charged  by  any 
country  should  not  be  less  than  that  charged  by  the 
country  of  exportation;  and  that  in  no  event  should  the 
tariff  be  less  than  the  tariff  charged  by  the  country  of 
exportation  before  the  war.  This,  of  course,  was  a 
joker  aimed  at  the  United  States,  inasmuch  as  we  had 
had  a  higher  tariff.  Regardless  of  any  tariff  we  might 
make  in  this  country,  no  matter  how  low,  they  proposed 
to  interchange  between  themselves  on  a  10  to  15  per  cent 
ad  valorem  basis,  and  charge  the  United  States  not  less 
than  30  to  45  per  cent.     They  have  consistently  followed 
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that  idea,  because  in  France  they  are  charging  us  today 
70  per  cent  ad  valorem,  c.i.f .,  and  in  Great  Britain  they 
are  charging  us  33  1/3  per  cent  ad  valorem,  c.i.f.  They 
have  not  yet  made  duties  between  themselves  on  a  basis 
which  discriminates  against  the  United  States,  but  un- 
less there  is  a  firm  policy  in  the  United  States  on  the 
part  of  Congress  they  will  discriminate  against  us.  It 
is  surprising  to  know  that  France  is  the  only  nation 
that  has  for  years  enacted  discriminatory  tariff  legis- 
lation against  the  United  States. 

Automobile  Factories  and  Methods 

I  left  Paris  on  March  13,  and  went  to  Lyons.  It  had 
a  population  of  500,000  before  the  war,  and  when  the 
great  French  industrial  city  of  Lille  was  taken  by  the 
Germans,  every  one  who  could  went  to  Lyons.  The  pop- 
ulation was  increased  from  500,000  to  1,000,000  almost 
over-night.  I  do  not  know  what  our  people  who  com- 
plain of  congestion  in  cities  would  think  if  they  saw 
the  conditions  in  Lyons.  There  is  not  a  sewer  in  the 
city.  It  is  one  of  the  livest  places  in  France.  The  fair 
which  is  held  there  annually  to  take  the  place  of  the 
former  fair  in  Leipsic,  Germany,  is  a  very  great  demon- 
stration. They  have  15  miles  of  booths  for  exhibitions, 
and  a  very  creditable  automobile  show. 

In*  Lyons  I  visited  the  Berliet  automobile  factory,  the 
second  largest  in  France  and  very  well  managed.  There 
are  two  plants.  The  old  automobile  plant  is  in  £he  heart 
of  the  city.  The  new  plant  in  the  outskirts  is  laid  out 
properly  and  capable  of  developing  into  a  modem  plant 
if  they  can  induce  labor  to  work  on  modern  lines.  There 
was  no  sign  of  being  able  to  arrive  at  that  result  at  the 
time  I  left. 

From  Lyons  I  crossed  the  Alps  into  Italy,  first  visit- 
ing the  industrial  city  of  Turin,  which  is  the  Detroit  of 
Italy.  The  Fiat  factory,  the  largest  in  Italy,  is  located 
there.  My  first  impression  after  arriving  in  Italy  was 
that  its  entire  army  was  on  a  leave  of  absence.  I  never 
saw  so  many  soldiers  in  uniform  with  no  place  to  go. 
They  seemed  to  be  very  happy,  but  they  were  not  doing 
anything.  In  Turin  I  was  brought  face  to  face  with  the 
condition  we  hear  so  much  about,  of  people  not  wishing 
to  go  to  work  after  the  war. 

The  Fiat  company  had  40,000  employes  during  the 
war.    When  I  was  there  they  had  22,000,  and  were  not 
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doing  much.  They  had  been  working  effectively  during 
the  wsLT,  but  as  soon  as  the  war  was  over  the  men  de- 
manded an  eight-hour  day  and  various  other  things. 
The  management  gave  them  the  eight-hour  day  by  per- 
mitting them  to  go  to  work  at  eight  o'clock  in  the  morn- 
ing and  not  allowing  them  to  stop  for  anything  until  the 
eight  hours  were  ended.  That  was  an  innovation  to  try 
to  discredit  the  eight-hour  day,  but  it  simply  made  bad 
matters  worse. 

The  Fiat  factory  is  the  largest  automobile  plant  in 
Europe.  Only  one  large  section  of  the  plant  is  adapted 
to  economical  mass  production  of  automobiles.  It  will 
take  them  two  years  to  complete  that  section.  The  re- 
mainder of  the  plant  is  scattered  in  seven  different  sepa- 
rated shops.  They  have  reasonably  good  foundry  facili- 
ties, a  good  forge  shop  and  good  machine  tools,  many 
of  American  make,  but  no  sheet-metal  equipment  what- 
ever. I  saw  nothing  better  than  a  wooden  form  and 
wooden  mallet  for  handling  sheet  metal  in  any  automo- 
bile plant  in  Italy,  France  or  England.  I  saw  nothing 
in  the  way  of  progressive  arrangement  for  machining, 
although  there  were  a  few  attempts  at  progressive  as- 
sembly. In  a  few  places  they  had  trucks  or  tanks  on  a 
progressive  assembling  trlick,  but  notwithstanding  the 
attempt,  they  did  not  have  progressive  operations.  For 
instance,  where  they  had  tried  a  progressive  assembling 
track,  it  was  not  working  progressively.  It  stopped  and 
they  finished  the  job  where  it  stood.  It  will  be  many 
years  before  European  labor  will  adapt  itself  to  the 
progressive  method  in  vogue  in  America,  which  has  re- 
sulted in  producing  the  American  automobile  at  its  pres- 
ent price  and  in  the  present  quantities. 

At  Turin  I  had  my  first  opportunity  to  examine  crit- 
ically the  types  of  modern  automobile  they  are  produc- 
ing. Practically  every  post-war  model  of  automobile  in 
Europe  is  a  10  or  12-hp.  machine,  with  engine  of  very 
small  bore  and  fairly  long  stroke.  They  rely  absolute4y^ 
on  four  gearshifts  and  a  low  gear  ratio;  they  change 
from  one  gear  to  another  and  seem  to  expect  to  change 
gears.  That  type  of  car  will  give  reasonably  satisfac- 
tory results  on  the  good  roads  they  have,  and  no  doubt 
has  advantages  where  the  price  of  fuel  is  very  high,  bat 
would  be  wholly  unacceptable  anywhere  in  America  or  in 
any  other  place  in  the  world  where  there  is  heavy  going 
and  high  ground  clearance  is  required. 

The  principal  plant  in  Milan  is  that  of  the  Isotta- 
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Fraschini  company.  It  is  a  beautiful  factory  but  like 
all  the  European  plants  they  have  lathes  in  one  comer 
and  drills  about  half  a  mile  away.  They  turn  a  piece, 
carry  it  a  long  distance  and  drill  it  and  perhaps  carry 
it  back  for  another  lathe  operation.  Everything  is  done 
by  hand,  by  main  strength,  and  there  are  no  facilities  for 
handling  the  work  progressively. 

After  returning  to  Paris  I  visited  a  number  of  in- 
dustrial plants,  among  others  the  Renault  automobile 
plant,  the  largest  in  France.  I  know  of  no  plant  in 
America  *with  which  to  compare  it.  It  covers  much 
ground.  It  has  no  progressive  machining  or  any  indica- 
tion of  it;  in  one  wing  they  attempted  progressive  as- 
sembling of  tanks.  Their  airplane  plant  is  separated 
from  the  main  factory,  and  would  make  a  very  good 
modem  automobile  assembly  plant.  They  were  convert- 
ing it  into  a  body  plant  at  the  time  I  left. 

Europe  as  an  Automobile  Market 

The  principal  French  motor-car  factories  claim  a 
capacity  of  149,000  cars  a  year.  My  estimate  is  that 
during  the  twelve  months  ending  July  1,  1920,  they  will 
have  produced  50,000  automobiles  as  a  maximum.  In 
England,  all  of  the  principal  plants  have  a  claimed  capa- 
city of  63,000  cars  a  year.  I  think  they  can  turn  out 
within  the^same  period  40,000  automobiles.  The  truck 
manufacturers  of  England,  after  four  years  of  continued 
effort,  spurred  on  by  the  needs  of  the  war,  produced  only 
13,000  motor  trucks  in  1918.  The  entire  motor-transport 
equipment  made  in  England  for  English  use  and  includ- 
ing purchases  in  America,  amounted  to  82,000  vehicles 
at  the  end  of  the  war.  France  conunandeered  40,000  auto- 
mobiles in  civilian  use  at  the  beginning  of  the  war,  and 
notwithstanding  their  production  and  their  purchases 
they  had  only  50,000  vehicles  at  the  end  of  the  war.  The 
United  States  in  approximately  twelve  months  of  effort 
put  70,000  motor  vehicles  in  use  overseas;  66,000  were 
of  our  own  make  and  4000  were  purchased  abroad. 

The  population  of  England,  Belgium,  France  and  Italy 
is  127,000,000;  they  have  350,000  automobiles,  one  to 
every  363  people.  The  United  States  has  110,000,000 
people;  on  Jan.  1,  1919,  we  had  6,000,000  automobiles, 
one  to  every  18  persons.  England  alone  has  45,000,000 
people  and  200,000  automobiles;  one  to  every  225  per- 
sons. France  has  40,000,000  people  and  100,000  automo- 
biles; one  to  every  400  people.    Italy  and  Belgium  corn- 
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bined  have  42,000,000  people  and  50,000  automobiles ;  one 
to  every  840  people.     This  is  in  spite  of  the  fact  that 
'  there  are  good  roads  in  all  these  countries. 

They  have  universally  treated  the  automobile  as  a 
luxury  and  trained  the  public  to  regard  it  so.  The  small 
low-powered  automobile  they  are  making  as  their  post- 
war design  is  just  as  expensive  in  proportion  as  was  the 
high-powered  car  they  made  before  the  war.  In  my 
opinion  European  manufacturers  will  never  fully  de- 
velop their  own  potential  market.  It  will  rest  with 
American  manufacturers  either  to  make  cars  over  there 
or  export  from  this  country.  On  the  other  hand,  if 
our  Government  reduces  the  duty  too  much,  many  people 
in  this  country  will  buy  foreign  cars.  There  is  no  ques- 
tion that  we  would  have  competition  if  the  doors  were 
wide-open. 

Labor  Conditions 

The  labor  situation  is  most  important  today,  not  only 
in  the  United  States  but  in  every  country.  The  pro- 
ductive manhood  of  Europe  was  practically  taken  out 
of  industry  and  put  into  the  war.  There  are  just  two 
fundamental  habits  of  mankind  and  they  are  the  habit 
of  idleness  and  the  habit  of  work.  The  work  habit  is  the 
best  of  all  habits  and  the  idleness  habit  is  the  most 
vicious.  All  other  habits  are  collateral  to  one  of  the  two 
named.  The  effect  of  four  and  a  half  years  of  war  was 
to  inculcate  the  habit  of  idleness,  notwithstanding  that 
the  men  were  fighting  and  risking  their  lives  part  of  the 
time.  They  must  overcome  the  habit  of  idleness  before 
Europe  can  emerge  from  labor  trouble. 


ADDRESS  OF  H.  E.  COFFIN 

I  heard  the  Earl  of  Reading  make  a  speech  in  Lon- 
don recently.  His  subject  was  the  financial  founda- 
tions of  the  British  Empire.  He  concluded  that  the 
financial  foundations  of  the  British  Empire  were  per- 
fectly secure  if  British  labor  would  return  to  work  and 
start  quantity  production.  I  think  that  lack  of  quantity 
production  is  the  greatest  fundamental  difikulty  in  the 
world  today.  There  is  no  use  in  increasing  wages  and 
immediately  raising  the  prices  to  the  American  public 
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to  take  care  of  this  increase  in  wages.  That  is  an  end- 
less procedure.  So  long  as  American  labor  holds  off 
quantity  production  while  we  have  strikes  continually 
and  continue  to  deal  in  a  half-hearted  way  with  the  sit- 
uation, there  will  be  a  continual  increase  in  the  cost  of 
living.  There  is  no  other  solution,  no  other  end  to  the 
cycle,  except  a  quantity  production  which  will  auto- 
matically decrease  the  prices  of  commodities.  We  all 
realize  that  if  there  were  an  over-production  of  motor- 
car materials  in  the  course  of  the  next  year,  there  would 
be  a  reduction  in  the  price  of  automobiles.  There  has 
never  been  a  time  when  that  principle  did  not  hold  true. 
It  is  applicable  to  any  other  line  of  commodity  supply. 

The  situation  in  Europe  from  a  production  standpoint 
is  perhaps  only  what  might  have  been  expected.  When 
the  European  nations  entered  the  war  they  had  no  idea 
of  the  magnitude  of  the  undertaking.  Germany  had  no 
idea  of  it;  neither  had  France  or  England.  Germany 
estimated  that  she  had  stored  up,  during  some  years  of 
preparation,  enough  ammunition  to  carry  the  war 
through.  She  did  not  expect  the  war  to  continue  for 
more  than  a  brief  period  of  months.  As  soon  as  she 
began  to  realize  the  futility  of  this  dream  and  the  muni- 
tions began  to  disappear,  she  saw,  for  the  first  time,  the 
necessity  for  the  quantity  production  of  war  materials. 
There  was  a  time  when  German  munitions  were  practi- 
cally exhausted.  The  Allies  experienced  the  same  diffi- 
culty a  little  later.  There  soon  came  a  necessity  for 
quantity  production  of  all  materials  that  pertain  to 
war.  In  all  .the  major  countries  of  Europe  quantity 
production  was  achieved,  but  under  war  conditions  and 
therefore  under  a  controlled  labor  market.  These  were 
conditions  in  which  economy  was  one  of  the  last  con- 
siderations; the  amount  of  money  spent  in  plant  exten- 
sions or  in  the  production  costs  of  tiie  commodities  was 
not  a  first  consideration;  and  where  there  was  no  limit 
on  tool  equipment  or  in  the  use  of  any  other  essentials 
for  obtaining  the  desired  quantity  production.  Previous 
to  the  signing  of  the  armistice  and  immediately  follow- 
ing it,  European  manufacturers  boasted  that»  since  th^ 
had  learned  to  produce  in  quantity  in  accordance  with 
American  methods,  they  would  be  a  greater  factor  in  the 
world's  trade  and  more  active  competitors  of  the  United 
States  in  the  very  things  in  which  tKis  country  had  al- 
ways been  preeminent 
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So-Called  European  Quantity  Production 

In  November,  December  and  January,  representations 
were  made  by  the  British  to  their  trade  connections 
throughout  the  world,  and  to  a  certain  extent  also  by 
French  manufacturers,  to  the  effect  that  since  they  had 
learned  the  American  secret  of  quantity  motor-car  pro- 
duction, and  had  the  added  advantage  of  the  excellence 
of  European  labor,  motor  cars  would  be  supplied  to  the 
export  markets  at  prices  far  below  anything  ever  yet 
achieved  in  European  countries.  They  represented  also 
that  the  quantities  would  equal  those  mentioned  in  the 
reports  of  great  American  quantity  production.  As  a 
result,  in,  countries  like  Australia,  dealers  were  saying  to 
our  representatives  that  they  would  now  deal  with  the 
home  country,  that  quantity  production  had  been  achieved 
there  and  that  the  era  of  the  cheap  motor  car  of  Euro- 
pean manufacture  had  come.  Months  have  passed  and 
the  Australian  representatives  have  had  notices  from 
their  home  offices  that  there  has  been  an  increase  in  the 
price  of  motor  cars  and  directing  that  orders  be  rein- 
stated upon  the  basis  of  the  new  price.  Meanwhile  there 
have  been  no  deliveries.  There  have  been  several  such  no- 
tices, the  price  has  returned  to  about  the  old  pre-war  fig- 
ure and  quantity  production  has  not  yet  been  achieved.  As 
a  result,  f oreigrn  representatives  are  eager  to  do  business 
again  with  the  American  manufacturer.  The  European 
manufacturer  must  now  consider  questions  of  financial 
outlay  and  economical  production;  he  must  deal  with 
a  difficult  labor  factor.  Europe's  and  America's  labor 
problems  are  intermingled  with  the  subject  of  quantity 
production. 

The  hardship  of  cancelled  contracts  which  American 
manufacturers  complained  of  following  the  armistice, 
has  proved  a  blessing  in  disguise.  In  Europe  there  was 
a  great  fear  about  throwing  labor  out  of  employment 
and,  to  guard  against  this,  government  war  contracts 
were  continued  for  months  after  the  armistice.  In  France 
some  manufacturers  were  producing  munitions  at  a 
very  much  higher  rate  in  January  and  February  of 
1919,  than  at  any  time  during  the  war.  The  different 
governments  were  continuing  to  pay  for  all  material 
and  the  manufacturers  were  trying  to  produce  as  much 
as  possible  before  the  time  limit  expired.  This  course 
of  action  did  keep  labor  employed,  but  also  caused  a 
very  bad  reaction.  It  kept  the  manufacturing  brains 
and  productive  power  of  these  countries  engaged  upon 
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worlc  that  was  in  no  sense  commercial.    It  involved  great 
waste  of  material  and  effort. 

Delay  in  the  signing  of  the  Peace  Treaty  prevented  in- 
dustrial recovery.  Manufacturers  generally  were  un- 
certain as  to  what  the  commercial  conditions  of  peace 
would  be,  and  hesitated  to  launch  new  activities  until 
questions  of  import  duty,  of  finance,  and  raw  material 
supply  could  be  clearly  defined.  In  short,  Europe  re- 
mained to  a  great  extent  under  military  control.  As 
war  contracts  finally  terminated  and  plants  began  to 
shut  down  there  was  a  tremendous  amount  of  dissatisfac- 
tion and  unemployment.  In  England  an  allowance  of 
some  28  shillings  per  week  was  paid  by  the  Government 
to  all  workers  who  were  unemployed.  There  is  no  more 
fertile  field  for  trouble  than  in  a  group  of  unemployed, 
especially  if  it  is  their  desire  to  sow  the  seeds  of  indus- 
trial unrest  and  dissatisfaction.  I  should  say  that  the 
delay  in  the  execution  of  the  Peace  Treaty,  perhaps  more 
than  any  other  one  thing,  tended  to  bring  about  the 
present  highly  unsatisfactory  labor  situation  in  the 
Allied  countries. 

American  Colonial  Export 

One  interesting  development  in  connection  with  our 
trade,  as  related  to  the  export  trade  of  Europe,  is  that  dur- 
ing the  war  colonial  manufacturers  and  dealers  generally 
have  been  forced  into  contact  with  American  manufac- 
turers and  their  methods.  We  formerly  heard  a  great 
deal  to  the  effect  that  American  manufacturers  were  not 
taking  care  of  the  colonials  as  well  as  were  the  European 
firms.  There  was  a  constant  demand  for  different  types 
of  chassis  and  body  for  a  long  wheelbase,  and  different 
kinds  of  equipment.  In  fact,  the  American  manufacturer 
did  little  that  was  right.  There  has  been  a  reversal  of 
form  in  this  connection.  The  colonial  buyers  have 
learned  that  American  products  are  mainly  satisfactory 
and  that  American  business  methods  appeal  to  them  after 
they  learn  to  know  American  manufacturers.  There  is 
a  great  change  of  sentiment  among  them  in  this  respect. 
I  believe  that  European  manufacturers  must  bring  their 
methods  more  nearly  in  keeping  with  American  pro- 
cedure. But  American  manufacturers  must  be  careful 
to  cultivate  the  friendly  feeling  which  has  thus  been 
developed,  and  they  must  properly  and  tactfully  handle 
the  business  which  has  been  built  up.  Above  all  else, 
they  must  take  care  of  repairs.     Ordinary  repairs  can 


Digitized 


by  Google 


be  made  promptly  on  American  ears  and  this  feature  is 
making  a  very  strong  appeal  indeed  to  all  purchasers  who 
are  located  in  foreign  countries. 

Aerial  Deveix)pment 

The  British  policy  is  one  of  insuring  coordination  be- 
tween the  three  arms  of  defense,  which  they  consider 
co-equal,  the  Navy,  the  Army  and  the  Air  Force.  They 
have  a  separate  ministry  of  the  air,  dealing  with  the 
commercial  as  well  as  the  military  aspects  of  aerial  de- 
velopment. It  is  their  theory  that  military  preparedness 
in  the  air  can  be  assured  only  through  the  active  en- 
couragement of  the  development  of  commercial  aviation. 
Lines  are  being  organized  from  London  to  India  and  Cape 
Town,  and  England  stands  prepared  today  to  join  with 
the  American  Government  in  the  establishing  of  a  trans- 
atlantic mail  dispatch  and  passenger  service.  The  trans- 
atlantic flight  of  the  R-34  was  simply  an  experiment  to 
gain  experience.  The  R-34  was  conceded  to  be  out-of- 
date  in  design.  They  are  engaged  in  the  construction  of 
very  much  larger  and  better  machines.  They  have  de- 
veloped an  interesting  system  for  the  transmission  of 
correspondence.  It  is  a  system  of  photographic  reduc- 
tion of  business  correspondence  to  postage-stamp  size^  on 
one  side  of  the  Atlantic,  and  the  reproduction  of  that 
correspondence  to  its  original  size  on  the  other  side. 
Thus,  letters  of  standard  business  size  will  be  reduced 
to  tape  and  carried  in  miniature  overseas.  In  this  way 
practically  all  of  the  transatlantic  first-class  business 
mail  can  be  carried  by  air  in  an  astonishingly  small 
tonnage  space. 

From  a  military  standpoint,  the  system  planned  by 
England  is  based  upon  the  theory  that  the  young  officers 
of  the  war  and  navy  departments  of  today  will  constitute 
the  "high  commands"  of  the  military  and  naval  forces 
not  many  years  hence.  It  is  proposed  therefore  to  give 
the  young  officers  of  both  services  a  thorough  training 
in  the  theory  and  practice  of  aerial  strategy,  so  that 
when  they  do  succeed  to  high  command  they  will  carry 
with  them  an  accurate  knowledge  of  the  possibilities 
and  uses  of  aircraft.  The  development  of  the  Air  Force 
had  come  into  its  own  just  before  the  armistice,  and  for 
the  first  time  fleets  of  200  and  300  machines  were  being 
used  in  mass  formation,  for  the  raiding  of  ground  troops 
and  for  the  execution  of  strategic  operations  far  behind 
the  German  lines. 
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The  British  policy  contemplates  the  establishment  of 
an  Air  College  similar  to  our  West  Point  and  Annapolis 
Academies.  Their  plan  calls  for  the  "circulation"  of 
officers  of  the  Army  and  Navy  Departments  in  consider- 
able numbers  through  this  educational  institution,  and 
through  some  three  years  of  service  in  the  Air  Depart- 
ment. They  will  thus  go  back  later  to  their  own  services 
with  a  thorough  knowledge  of  aeronautics  and  a  sympa- 
thetic appreciation  which  will  insure  coordination  of  the 
several  services.  We  have  had  experience  enough  here 
since  the  armistice  to  show  us  that  there  will  be  no 
possibility  of  a  definite  aerial  policy  in  this  country 
until  we  have,  like  the  British,  a  separate  department 
or  division  of  the  government,  living  and  dealing  con- 
stantly with  the  problems  of  the  air-service  develop- 
ment, civil,  military  and  naval.  Aeronautics  cannot  be 
handled  as  a  side  issue  as  at  present.  For  example,  the 
idea  of  assigning  a  cavalry  officer,  under  the  present 
system,  to  a  more  or  less  temporary  command  in  a  de- 
partment as  technical  and  intricate  as  that  of  the  air,  is 
utterly  impractical.  The  mission  of  which  I  had  the 
honor  to  be  a  member  placed  itself  squarely  on  record  in 
this  matter,  after  investigating  conditions  in  Italy, 
France  and  England.  The  American  Aviation  Mission  rec- 
ommended that  the  air  activities  of  the  United  States, 
civilian,  naval  and  military,  be  concentrated  within  the 
direction  of  a  single  governmental  agency,  created  for  the 
purpose,  co-equal  in  importance  and  in  representation 
with  the  Departments  of  War,  Navy  and  Commerce,  and 
that  the  agency  thus  created  should  be  charged  with  full 
responsibility  for  placing  and  maintaining  our  country  in 
the  front  rank  among  nations  in  the  development  and 
utilization  of  aircraft  for  the  national  security  and  in  the 
advancement  of  the  civil  aerial  transportation  and  com- 
munication arts. 
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INDIANA  SECTION  PAPERS 

THE  PLACE  OF  THE  SECTION  IN 
SOCIETY  ACTIVITIES 

By  C  F  Clarkson^ 

The  Sections  are  very  largely  the  life  blood  of  the 
whole  fabric  and  organization  of  the  Society.  They 
are  the  typification  and  the  exemplification  of  the  activ- 
ities of  the  Society,  through  participation  in  the  vari- 
ous kinds  of  work  the  Society  is  doing.  The  Sections 
are  locally  of  the  utmost  professional  and  social  value 
continuously  and  constitute  a  ready  organization  en- 
abling the  Society  to  accomplish  emergency  results 
when  necessary.  They  have  such  autonomy  and  inde- 
pendence as  they  need  and  can  use  and  are  guided  by 
the  generous  and  admirable  service  of  the  Section  offi- 
cers. The  Council  of  the  Society  morally  and  finan- 
cially supports  the  Sections  in  any  thoroughly  sound 
way  in  which  the  general  moneys  of  the  Society  can  be 
expended  with  proper  advantage  to  the  Society  as  a 
whole. 

While  social  features  are  a  valuable  aid,  the  Society's 
real  function  is  the  dissemination  of  engineering  knowl- 
edge and  the  Sections  should  encourage  the  presenta- 
tion of  engineering  information  by  clear  comprehensive 
summaries  of  matters  already  known  or  enlightenment 
on  matters  that  probably  will  be  reduced  to  practice 
soon.  The  reputation  of  the  Society  must  stand  on  the 
merit  of  its  publications. 

The  Society's  membership  includes  practically  all 
the  leading  and  representative  designers  and  jnroducers 
of  automotive  apparatus  in  this  country  and  a  large 
contingent  resident  throughout  the  world.  Its  mem- 
bership is  growing  steadily  at  the  rate  of  at  least  1000 
high-grade  members  per  year. 

Standardization  and  research  work  are  reviewed  and 
their  present  trend  is  outlined.  The  Society  is  estab- 
lished nationally,  internationally,  industrially  and  in  a 
Governmental  way,  and  is  alongside  the  other  and  older 
engineering  societies.  It  is  the  duty  and  privilege  of 
the  Sections  to  assist  in  all  the  work  of  the  Society. 
They  should  proceed  in  the  spirit  of  the  true  worker, 
exemplifying  the  truth  of  the  doctrine  that  the  best 
way  to  help  onesself  is  to  help  others.  The  prime 
reason  for  the  success  of  the  Society  is  the  remarkable 
cooperation  of  its  members. 


^Secretary  and  general  manager,  Society  of  Automotive  Engineers, 
New  York  City. 
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The  Sections  are  very  largely  the  life  blood  of  the  whole 
fabric  and  organization  of  the  Society.  They  are  the  typi- 
fication  and  the  exemplification  of  the  activities  of  the 
Society,  through  participation  in  the  various  kinds  of 
work  the  Society  is  doing,  and  in  large  part  in  carrying 
forward  the  enthusiasm  we  always  have  at  the  Summer 
and  Winter  Meetings  of  the  Society. 

The  Sections  are  of  the  utmost  value  continuously,  in 
a  local  way,  both  professionally  and  socially,  and  also 
to  the  members  at  large  who  receive  in  due  course 
through  the  publications  of  the  Society  the  papers  and 
discussions  presented  at  the  Section  meetings. 

The  Sections  also  constitute  a  ready  organization  which 
enables  the  Society  to  do  almost  anything  it  wants  to  do 
on  occasion  or  in  emergencies  such  as  we  had  during  the 
war.  This  Section,  like  the  others,  is  local  headquarters 
for  any  active  work  on  which  quick  action  is  necessary. 

The  Sections  are  organized  by  action  of  the  Council  of 
the  Society,  from  time  to  time,  whenever  there  is  a 
reasonable  prospect  of  permanent  success  by  a  Section 
in  an  automotive  center.  We  have  eight  at  present,  and 
in  addition  one  organized  tentatively  at  Washington. 

Some  of  the  Sections  have  slowed  down,  from  time  to 
time,  for  industrial  reasons,  or  on  account  of  conditions 
during  the  time  of  war;  but  on  the  whole  they  have  been 
a  great  success,  and  there  has  been  no  failure  of  any  kind 
to  carry  out  their  functions  that  could  not  have  been 
reasonably  discounted  and  expected. 

One  point  in  connection  with  administration  is  that  it 
has  been  thought  that  there  should  be  in  all  important 
automotive  centers  an  organization  that  is  very  active 
in  fostering  the  various  things  which  are  near  the  hearts 
of  a  body  of  men  such  as  this.  The  policy  has  been 
that  the  Sections  should  have  as  much  autonomy  and  in- 
dependence as  they  want  and  can  use  in  the  proper  con- 
duct of  their  affairs  consistently  with  the  keeping  of 
various  permanent  records,  and  considering  how  busy 
the  officers  of  the  Section  are  with  their  own  immediate 
business  obligations.  There  is  no  more  striking  feature 
of  the  work  of  the  Society  than  the  generous  and  admir- 
able service  of  the  Section  officers. 

We  have  been  completing  some  details  of  the  sectional 
organization  which  were  started  prior  to  the  war.  There 
is  a  Manual  for  use  by  the  Sections  in  the  various  steps 
of  their  work.     The  bookkeeping  method^  are  outlined 
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as  simply  as  possible,  to  be  readily  understandable  by 
succeeding  governing  officers  of  the  Sections. 

There  is  now  and  always  has  been  a  disposition  on  the 
part  of  the  Council  of  the  Society  to  support  the  Sections 
morally  by  all  kinds  of  assistance  and  financially  and 
in  any  way  that  is  thoroughly  sound  and  in  which  the 
use  of  the  general  moneys  of  the  Society  can  be  expended 
with  proper  advantage  to  the  membership  of  the  Society 
as  a  whole. 

Character  of  Papers  Presented 

A  good  amount  of  attention  should  be  given  to  the 
nature  of  the  papers  presented  at  the  Section  meetings. 
The  social  features  are  valuable  in  themselves  and  as 
helping  the  other  work,  but  our  real  function  is  the  dis- 
semination in  understandable  form  of  engineering 
knowledge.  The  reputation  of  the  Society  stands,  and 
must  stand,  as  it  always  has  stood,  on  the  merit  of  its 
publications.  The  Indiana  Section,  as  well  as  the  other 
Sections,  should  encourage  the  presentation  of  real  en- 
gineering informatioVi,  not  necessarily  of  an  abstruse 
nature,  in  the  form  of  either  a  comprehensive,  clear  sum- 
mary of  things  that  have  been  known  in  a  general  way, 
or  by  way  of  enlightenment  on  something  that  is  in  sight 
and  will  probably  be  reduced  to  practice  soon.  Our  work 
is  to  disseminate  reliable  engineering  knowledge,  and 
anticipate  what  is  to  come. 

We  are  fully  justified  in  saying  that  the  Society  of 
Automotive  Engineers  has  in  its  membership  practically 
all  the  leading  and  representative  designers  and  pro- 
ducers in  this  country  of  automobiles,  motor  trucks,  farm 
tractors,  airplanes  and  other  aeronautic  apparatus,  mo- 
tor boats,  and  engineers  connected  with  the  production 
of  semi-portable  internal-combustion  units  such  as  farm 
engines.  There  is  also  a  large  membership  resident 
throughout  the  world.  These  men  are  members  of  the 
S.  A.  E.,  the  Society  of  Automotive  Engineers,  formerly 
the  Society  of  Automobile  Engineers,  which  changed  its 
name  in  deference  to  those  engineers  working  in  various 
automotive  fields,  at  the  time  they  joined  the  Society. 
You  may  not  all  appreciate  it,  but  it  was  a  daring  thing 
for  the  Society  to  change  its  name.  It  was  a  broad  and 
in  a  way  a  self-effacing  action.  There  have  been  not  only 
no  adverse  results  but  the  greatest  benefits  from  the 
far-sighted  step.     The    decision    was    clean-cut,    most 
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timely  and  very  highly  effective.  No  important  word  in 
the  English  language  ever  went  into  general  use  as 
quickly  as  or  more  justifiably  than  the  word  "automo- 
tive." 

As  to  the  cause  and  explanation  of  the  success  of  the 
Society,  its  growth  was  forced,  in  a  way,  the  same  as  in 
the  case  of  the  automobile  industry  itself.  But  the  prime 
reason  for  the  success  of  the  Society  is  the  remarkable 
cooperation  of  its  members.  I  have  been  asked  by  men 
working  on  the  staffs  of  other  engineering  societies,  how 
we  do  certain  things.  The  answer  is  that  committee- 
men appointed  by  the  Society,  being  actually  interested 
in  some  real  work  to  be  accomplished,  assist  us  in  get- 
ting ahead  on  the  various  matters. 

Standardization  and  Research  Work 

As  to  the  standards  work,  which  is  perhaps  the  thing 
that  has  distinguished  the  work  of  the  Society  of  Auto- 
motive Engineers  from  that  of  other  engineering  socie- 
ties, both  here  and  abroad,  we  certainly  have  achieved 
much  in  the  matter  of  the  simplification  of  material  spe- 
cifications, mounting  dimensions  and  so  forth.  If  the 
directly  traceable  benefits  of  this  in  money  value  to  the 
industry  be  taken  as  only  a  small  fraction  of  1  per  cent 
of  the  output  value  of  the  automobile  industry,  which 
is  only  one  of  the  automotives,  it  is  seen  clearly  that 
they  represent  a  very  large  amount  of  monetary  saving. 

The  Society  has  taken  the  laboring  oar  in  the  matter 
of  the  solution  of  the  fuel  problem,  so  far  as  automotive 
work  is  concerned.  We  have  held  various  meetings.  The 
National  Automobile  Chamber  of  Commerce  has  ap- 
pointed a  committee,  of  which  John  N.  Willys  is  chair- 
man and  other  prominent  men  are  members.  The 
American  Petroleum  Institute  has  appointed  a  commit- 
tee of  five  to  confer  with  this  committee.  We  have  or- 
ganized also  the  Automotive  Fuel  Committee,  which  is 
about  100  per  cent  representative  of  the  associations  in- 
terested in  automotive  matters  professionally  and  indus- 
trially and  of  the  Government  Bureaus. 

Some  very  important  work  has  been  going  on  with  re- 
spect to  securing  further  screw-thread  standardization. 
The  National  Screw  Thread  Commission,  made  up  of 
government  representatives  and  engineers  nominated  by 
thi^  Society  and  the  American  Society  of  Mechanical 
Engineers,  has  formulated  a  very  comprehensive  and 


Digitized 


by  Google 


valuable  report  on  this  subject.  The  Commission  has  vis- 
ited England  and  talked  the  various  matters  over  with 
the  Britishers;  and  also  visited  France.  There  is  some 
prospect  of  international  screw-thread  standardization, 
a  thing  we  would  not  have  dreamed  possible  a  short  time 
ago.  There  is  nothing  more  important  in  factories  than 
good  screw-thread  specification  and  the  setting  of  limits 
as  they  should  be.  Up  to  a  certain  point  the  closer  the 
limits  the  more  economical  the  manufacture.  Intelligent 
specification  and  the  absolute  maintenance  of  limits  are 
essential.  There  have  been  very  few  men  who  have 
claimed  to  be  screw-thread  experts,  in  this  country,  or 
abroad.  The  average  practising  engineer  depends  on 
these  specialists,  and  knows  too  little  about  the  merits 
of  the  question.  There  are  some  very  important  points 
involved.     Right  practice  can  make  or  break  a  factory. 

There  probably  will  be  some  development  of  interna- 
tional aircraft  standards.  There  is  an  international  com- 
mission, the  organization  of  which  has  not  been  com- 
pleted, and  something  should  be  done  in  the  way  of  spe- 
cifying materials  and  dimensions  of  parts  that  can  not 
only  be  the  same  but  should  be  the  same  in  various  coun- 
tries. There  are  in  addition  broad  questions  as  to  fac- 
tors of  safety  and  so  on. 

Generally  speaking,  there  has  never  been  a  time  in 
engineering  society  work  as  important  as  the  present 
time.  We  have  never  had  such  consideration  of  the 
foundations  of  science,  the  arts,  and  sociology  and  busi- 
ness, as  now.  This  applies  peculiarly  to  the  autpmotive 
industry.  It  is  more  advanced,  more  successful,  rela- 
tively speaking,  than  other  industries,  more  rapidly  de- 
veloped and  developing,  and  clear  acting.  No  man  of 
real  intelligence,  I  believe,  is  reaUy  cock-sure  today  as  to 
what  is  going  to  happen  in  the  general  situation.  As 
to  the  Society  in  this  connection,  it  is  alongside  of  the 
other  and  older  engineering  societies.  It  has  been  estab- 
lished nationally  and  internationally  and  industrially 
and  in  a  Governmental  way.  It  is  very  clear  that  the 
effectiveness,  the  elasticity,  and  the  flexibility  of  all  the 
engineering  societies,  are  now  under  a  severe  test.  There 
is  much  that  they  should  do,  and  that  they  can  do,  if 
they  proceed  in  the  right  way.  They,  must  give  the  best 
possible  service  that  they  can  to  the  industries,  and  to 
the  Government.  There  are  certain  relations  in  engi- 
neering matters  between  the  industry  and  the  Govern- 
ment that  must  be  clearly  understood  and  maintained. 
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It  is  the  duty  and  privilege  of  the  Indiana  Section  to 
assist  in  all  of  the  v^ork  mentioned,  and  I  am  sure  that 
it  will  be  willing  to  do  so.  The  Society  of  Automotive 
Engineers  illustrates  as  well  as  any  other  organization 
the  truth  of  the  doctrine  that  the  best  way  to  help  one's 
self  is  to  help  others.  Optimism  is  peculiarly  a  matter 
of  viewpoint.  An  optimist  is  a  man  who  judges  the 
present  by  what  has  happened  before.  A  pessimist  makes 
up  his  plan  in  contemplation  of  an  impossible  ideal. 
There  is  not  much  in  life  except  the  spirit  of  the  true 
worker.  This  is  the  measure  of  all  that  has  ever  been 
done,  or  is  being  done,  as  well  as  the  measure  of  what  is 
before  us.  It  is  what  protects  us  against  political  chaos 
and  social  insanity.  Let  us  work  in  that  spirit  on  the 
matters  engaging  our, attention  immediately. 


THE  ESSENTIALS  OF  fflGH-GRADE 
STEEL  MANUFACTURE 

By  W  R  Shimer' 

The  manufacture  of  high-grade  automobile  steels 
begins  with  the  selection  of  proper  raw  materials.  The 
larger  manufacturer  of  today  owns  and  controls  his 
ore,  coal  and  limestone  properties  and  can  obtain  a 
uniform  quality  of  raw  materials,  enabling  him  to  pro- 
duce finished  steel  products  of  uniform  quality.  The 
major  portion  of  steel  made  for  the  automobile  indus- 
try today  is  manufactured  by  the  basic  open-hearth 
process.  Crucible  and  electric-furnace  steel  is  used  to 
a  certain  extent,  when  the  tonnage  is  relatively  small 
and  special  properties  are  desired. 

The  physical  and  chemical  charges  in  the  open- 
hearth  process  are  specified,  with  comments  on  the  re- 
sultant product.  The  making  and  testing  of  steel  are 
described,  illustrations  of  test-specimens  being  pre- 
sented. The  pouring  of  ingots  is  stated  as  being  a 
most  important  factor  in  the  manufacture  of  steel. 
Steel  should  be  poured  into  the  ingot  mold  as  slowly 
as  possible  so  that  the  metal  can  solidify  from  the  bot- 
tom upward,  the  top  remaining  molten  until  the  last. 
Further  details  of  pouring  are  given  and  comments 
are  made  regarding  pipe  in  bottom-poured  ingots,  re- 

>Metallurffl8t  Bethlehem  Steel  Go.«  Bethlehem*  Fa. 
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fining  high-grade  steels,  molds,  inspection  of  the  steel 
blooms  and  samples  for  analysis  taken  from  the 
blooms. 

The  heat-treatment  of  alloy  steels  actually  com- 
mences with  the  ingot  after  casting.  After  some  dis- 
cussion of  this  subject,  inspection  methods  are  reviewed 
in  considerable  detail  and  practical  examples  and  com- 
ments are  included.  The  causes  of  failure  in  service 
are  treated  at  some  length.  Three  specific  statements 
are  made  relative  to  the  factors  determining  the 
sources  of  steel  supply,  which  the  prospective  purchaser 
of  large  tonnages  of  high-grade  steels  should  consider. 

The  manufacture  of  high-grade  automobile  steels  be- 
gins with  the  selection  of  proper  raw  materials.  The 
larger  manufacturer  of  today  owns  and  controls  his  ore, 
coal  and  limestone  properties,  and,  therefore,  is  in  a 
position  to  obtain  a  uniform  quality  of  raw  materials, 
enabling  him  to  produce  finished  steel  products  of  uni- 
form quality.  When  it  is  necessary  for  a  steel  manu- 
facturer to  purchase  raw  materials  from  the  market 
he  many,  times  must  accept  ore,  coke  and  limestone  of 
varying  quality,  thereby  making  it  diiiicult  for  him  to 
produce  pig  iron  of  uniform  quality  with  a  correspond- 
ing quality  of  steel  products. 

The  majority  of  steel  made  for  the  automobile  industry 
today  is  manufactured  by  the  basic  open-hearth  process. 
Crucible  and  electric  furnace  steel  is  used  to  a  certain 
extent,  but  only  for  very  special  purposes  where  the  ton- 
nage is  relatively  small  and  special  properties  are  desired. 
These  latter  grades  of  steel  are  expensive  and  on  this 
account  are  unwarranted  for  use  for  the  bulk  of  auto- 
mobile parts.  The  physical  charge  in  the  open-hearth 
furnace  consists  of  pig  iron  and  steel  scrap  in  approx- 
imately equal  proportions  with  a  certain  amount  of  ore 
and  limestone. 

The  chemical  charge  is  approximately 


Per  cent. 

Silicon 

0.75  to     0.90 

Phosphorus 

0.10  to     0.11 

Manganese 

1.00 

Carbon 

1.75  to    2.00 

Iron 

96.00  to  97.00 

Sulphur 

About        0.070 

All  of  these  elements,  except  sulphur,  give  the  furnace- 
man  practically  no   trouble,   as   he  can  reduce  silicon. 
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phosphorus,  carbon,  etc.,  to  any  desired  percentage.  Sul- 
phur is  the  only  element  which  causes  any  difficulty  and 
must  be  controlled  by  the  use  of  as  low-sulphur  scrap 
and  pig  iron  as  it  is  possible  to  obtain.  Due  to  present 
labor  conditions  in  the  coal  mines  and  to  the  diverting  of 
proper  steel-making  coals  by  the  Railroad  Administration, 
the  steel  maker  is  very  much  handicapped  and  mvst 
accept,  many  times,  high-sulphur  coal,  or  none  at  all, 
and  the  sulphur  in  the  steel  is  increased  on  this  account. 
There  is  the  old  adage  that  "the  effect  of  phosphorus 
in  steel  is  up  to  the  consumer  and  sulphur  up  to  the 
maker."  In  other  words,  phosphorus  is  a  greater  hard- 
ener than  carbon  and  high  phosphorus  tends  to  reduce 
ductility  in  the  higher  carbon  steels.  Sulphur  is  consid- 
ered the  red-short  element  and  need  not  be  feared  by 
the  consumer  as  long  as  the  heat  of  steel  forges  or  rolls 
satisfactorily  and  the  finished  product  is  free  from  sur-  , 

face  defects. 

Making  and  Testing  the  Steel 

j 
Pig  iron  is  sometimes  charged  in  the  open-hearth  in 
the  molten  condition  and  at  other  times  in  the  form  of 
cold  pig,  steel  scrap  being  used  in  both  cases.  Imme- 
diately after  the  materials  charged  are  melted,  the  fur- 
naceman  takes  a  small  quick  test  from  the  furnace  with  | 

a  spoon  and  casts  it  into  a  small  ingot  called  the  quick- 
test  ingot.    This  ingot  is  cooled  and  fractured  and  from  | 
the  appearance  of  the  fracture  he  judges  the  approxi-  I 
mate  carbon  content  of  the  bath.    Half  of  this  test  ingot  \ 
is  then  sent  to  the  laboratory,  drilled  and  analyzed  for  I 
carbon,  manganese,  phosphorus  and  sulphur.    If  the  heat 
is  to  be  nickel  steel  and  nickel-steel  scrap  has  been  used, 
the  nickel  also  is  determined  from  the  quick  test  in  order 
that  the  necessary  addition  to  meet  the  alloy  requirements 
can  be  calculated.    Subsequent  tests  are  taken  from  the 
furnace  by  the  fumaceman  at  intervals  in  the  process 
of  refining  until  the  heat  is  down  to  the  required  carbon 
content,  by  which  time  the  phosphorus  has  also  been 
lowered  as  well  as  the  other  elements,  and  the  heat  is  then 
ready  for  the  final  additions.    Ferromanganese  is  added 
to  the  furnace  in  amounts  depending  upon  the  results 
reported  by  the  laboratory  on  the  last  quick  test.    Ferro- 
silicon  in  basic  open-hearth  steels  is  added  to  the  ladle, 
having  first  been  crushed  up  very  fine.    The  addition  is 
made  to  the  stream  of  metal  c(»ning  from  the  furnace  as 
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it  enters  the  ladle.    Ferrosilicon  cannot  be  added  to  the 
furnace  as  it  would  attack  the  basic  furnace  lining. 

Fig.  1  shows  a  series  of  fractures  of  the  quick-test 
ingots  taken  during  the  melting  of  an  open-hearth  heat, 
commencing  with  the  one  taken  immediately  after  the 
bath  is  melted  and  including  the  final  test.  The  carbon 
content  as  judged  by  the  melter  and  also  as  determined 
by  the  laboratory  is  shown  with  each  fracture.  It  will 
be  noted  how  closely  the  carbon  can  be  judged  by  the 


Pig.  1 — Fractures  op  Quick-Test  Ingots 

Percentage  of  Carbon  as  Judged  by  the  Melter 
0.16  0.45  O.GO  1.00  1.40 

Percentage  of  Carbon  as  Determined  by  a  Laboratory  Analysis 
0.14  0.48  0.55  0.98  1.34 

melter  by  the  appearance  of  the  fracture.  The  highest 
carbon  test  has  the  finest  grained  fracture,  which  be- 
comes more  coarse-grained  as  the  carbon  content  de- 
creases. An  experienced  fumaceman  can  estimate  the 
carbon  from  the  fracture  with  nearly  the  same  accuracy 
as  that  of  a  chemical  determination,  especially  when 
working  with  carbon  steel  heats.  It  takes  an  especially 
well  experienced  furnaceman  to  judge  the  carbon  from 
quick  tests,  from  nickel,  nickel-chrome  or  other  alloy  steel 
heats. 

When  the  heat  of  steel  is  refined  and  the  desired  com- 
position obtained  by  eliminating  some  elements  and  add- 
ing others  such  as  manganese,  silicon  and  other  alloys 
to  meet  the  specifications,  it  is  tapped  into  a  ladle.  The 
slag  also  runs  into  the  ladle,  floating  immediately  to  the 
top  of  the  molten  steel  on  account  of  being  much  lighter 
in  weight  than  the  latter.  It  seems  to  be  the  impression 
of  many  that  microscopic  non-metallic  inclusions  in  steel 
originate  from  slag  in  the  furnace  or  the  ladle.  As  evi- 
dence that  this  is  not  the  source  of  such  inclusions,  I  will 
cite  the  following  examples:' 

A  number  of  times  after  a  ladle  of  steel  was  empty, 
at  the  time  when  both  slag  and  steel  were  dripping  from 
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the  ladle  nozzle  together,  a  small  test  ingot,  a  2Vi-in. 
cube,  was  taken  in  an  attempt  to  obtain  a  small  ingot 
contaminated  with  ladle  slag.  The  material  cast  into  this 
small  mold  solidified  the  instant  the  mold  was  filled.  .It 
was  found  that  the  upper  half  of  each  one  of  these  small 
ingots  was  slag  and  the  lower  half  a  solid  steel  casting, 
the  slag  having  separated  from  the  steel  immediately,  on 
account  of  its  lighter  weight.  These  small  ingots  were 
then  split,  polished  and  etched  and  subjected  to  a  very 
careful  microscopic  examination  over  the  entire  surface 
and  found  to  be  entirely  free  from  slag.  Fig.  2  shows 
such  a  small  ingot  after  splitting  in  half  and  polishing 
and  etching.  There  were  several  blowholes  in  the  ingot 
shown  in  this  illustration  whose  sides  were  silvery  white, 
containing  no  slag.  Such  evidence  as  this  convinces  one 
that  the  non-metallic  inclusions  in  steel  do  not  originate 
from  furnace  or  ladle  slag,  since  the  latter  separates 
from  the  steel  as  readily  as  a  cork  floats  on  water. 

Furnace  and  ladle  slags  are  composed  of  oxides  of  iron, 
aluminum,  calcium,  silicon,  manganese,  etc.,  while  micro- 
scopic non-metallic  inclusions  in  steel  are  mostly  sul- 
phides of  iron  and  manganese,  and  at  times  very  small 
amounts  of  silicates  of  manganese  and  iron.  These  latter 
inclusions  are  due  to  foreign  matter  from  the  molds  or 
other  external  source.  The  sulphide  inclusions  originate 
from  the  reaction  which  occurs  in  the  molten  metal  in 
the  ingot  before  solidification,  and  become  imprisoned 
during  solidification.  Their  size  and  quantity  increase 
with  the  size  of  the  ingot;  that  is,  the  larger  ingots  re- 
main molten  longer  and  sulphides  have  more  time  to  seg- 
regate in  them  than  in  the  smaller  ingots.  If  the  steel  in 
the  mold  solidified  the  instant  it  was  cast,  there  would  be 
no  sulphide  inclusions  of  appreciable  size,  if  any.  Addi- 
tional evidence  is  that  non-metallic  inclusions  in  steel 
contain  no  lime,  whereas  furnace  and  ladle  slags  always 
contain  lime. 

Pouring  the  Ingot 

The  pouring  of  ingots  is  a  most  important  factor  in 
the  manufacture  of  steel.  Steel  should  be  poured  in  the 
ingot  mold  as  slowly  as  possible  so  that  the  metal,  can 
solidify  from  the  bottom  upward,  enabling  the  top  to 
remam  molten  until  the  last.  The  practice  of  box-pouring 
produces  clean  ingots  with  very  little  pipe,  since  by  this 
method  two  ingots  are  generally  poured  at  a  time,  there- 
fore permitting  slow  pouring;  also  the  pressure  of  the 
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stream  from  the  box  is  much  less  than  when  poured  direct 
from  the  ladley  and  the  metal  cools  from  80  to  100  deg. 
fahr.  when  run  through  a  box.  Splashing  of  the  stream 
against  the  sides  of  the  molds  is  prevented  to  a  great 
extent,  thereby  improving  the  surface  of  the  ingot  as 
well  as  the  rolling  qualities  and  giving  consequent  free- 


FiG.  2 — Small  Ingot,  Split,  Polished  and  Etched 

dom  from  cracks  and  scabs.  There  are  other  methods 
of  pouring  steel  ingots  which  have  advantages.  Some 
manufacturers  bottom-pour  by  teeming  the  metal  into  a 
central  runner  to  which  runners  are  connected  to  a  series 
of  molds  and  the  molds  fed  from  the  bottom.  This  prac- 
tice improves  the  surface  of  the  ingot,  permits  slow  pour- 
ing and  improves  rolling  properties. 

To  overcome  pipe  in  bottom-poured  ingots  it  is  neces- 
sary that  the  molds  be  equipped  with  satisfactory  sink- 
heads  to  keep  the  tops  molten  until  the  metal  in  the  body 
of  the  ingot  solidifies.  The  method  of  pouring,  whether 
box-poured,  bottom-poured,  or  poured  direct  from  the 
ladle,  depends  upon  the  grade  of  steel  being  made  and 
the  practice  with  which  the  manufacturer  has  met  the 
most  success.  Each  steel-maker  swears  by  his  particular 
method  and  obtains  good  results,  as  his  pouring  method 
is  particularly  adapted  to  the  grades  of  steel  he  manu- 
factures and  his  organization  has  been  trained  to  carry 
on  the  method  successfully. 

It  is  of  the  utmost  importance  that  high-grade  steels 
be  refined  with  extreme  care  and  that  all  additions  pos- 
sible be  made  in  the  furnace.  To  be  assured  that  a  heat 
of  steel  is  of  uniform  analysis,  the  quality  manufacturer 
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takes  three  heat-tests  from  the  ladle,  one  at  the  beginning 
of  the  ladle  pour,  one  at  the  middle  and  one  at  the  end« 
These  tests  are  analyzed  by  the  laboratory  and  the  heat 
is  not  applied  if  the  composition  is  not  consistent  through- 
out. 

After  careful  refining,  a  good  heat  of  steel  can  be 
spoiled  after  leaving  the  furnace  by  casting  into  dirty  or 
rusted  molds  or  old  molds  having  depressions  or  cracks 
in  which  the  ingot  will  become  held  when  it  shrinks  in 
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be  but  few  of  these  defects.  All  of  the  surface  defects 
are  chipped  out  carefully,  first,  with  a  U-shaped  gouge 
that  produces,  at  times,  rather  deep  grooves  in  the  bloom 
which  are  then  flared  out  on  both  sides  with  a  flat  chisel 
to  prevent  any  lapping  of  such  a  groove  in  the  subsequent 
rolling  operations,  which  may  cause  defects  of  the  same 


Fia.  3 — Split  Ingots.     The  One  at  the  Left  Was  Cast  with  a 
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nature  as  a  seam.    The  method  of  chipping  should  al- 
ways be  carefully  checked  up  on  this  account. 

Samples  for  analysis  are  taken  from  the  various  blooms 
of  each  heat  and  analyzed  by  the  laboratory  as  an  addi- 
tional check  on  the  uniformity  of  the  heat,  as  well  as  to 
insure  that  there  were  no  mix-ups  in  heats  by  the  mill 
The  heat  number  is  stamped  on  each  bloom  at  the  hot 
shears  so  that  they  can  be  identified  at  any  time  in  the 
billet  yard  or  on  the  chipping  beds.  This  also  prevents 
the  chance  of  a  mix-up  occurring  during  charging  in  the 
reheating  furnace.  The  blooms  of  approximately  9-in. 
square  section  after  chipping,  are  broken  down  to  billets 
2  to  4  in.  square,  which  are  again  inspected,  chipped  if 
necessary  and  then  reheated  in  continuous  furnaces  for 
rolling  into  finished  sizes. 

Heat-Treatment  and  Inspection 

The  heat-treatment  of  alloy  steels  actually  commences 
with  the  ingot  after  casting.  If  the  mold  is  stripped  too 
soon  after  casting  and  the  ingot  heated  and  rolled  too 
soon,  there  is  danger  of  obtaining  what  is  termed  a  green 
ingot  and  the  finished  product  from  such  an  ingot  is  not 
what  it  should  be.  A  sufik^ient  interval  between  casting 
and  charging  an  ingot  in  the  soaking  pits  should  be  al- 
lowed to  be  sure  that  the  interior  metal  has  solidified. 
Alloy-steel  ingots  containing  fairly  high  percentages  of 
hardening  elements,  if  allowed  to  cool  in  the  air  to  atmos- 
pheric temperature,  invariably  develop  shrinkage  cracks 
which  may  produce  defects  in  blooms  at  times  so  bad 
that  it  may  not  be  worth  while  attempting  to  chip  them 
out,  it  being  more  economical  to  scrap  such  product.  Cer- 
tain alloy-steel  blooms  containing  high  percentages  of 
hardening  elements  are  annealed  immediately  after  roll- 
ing, as  a  safeguard  against  the  serious  strains  that  would 
be  set  up,  leading  to  cracks,  if  the  blooms  were  permitted 
to  cool  rapidly  in  the  air  from  the  rolling  temperature. 
The  finished  bars  of  sensitive  composition  are  carefully 
handled  after  rolling,  to  prevent  cooling  strains,  and  are 
not  spaced  on  the  hot  beds  but  placed  against  ea^h  other 
to  retard  cooling.  The  finished  bars  of  over,  say,  0.25  to 
0.30  per  cent  carbon,  are  carefully  annealed,  the  anneal- 
ing temperature  depending  upon  the  composition,  and 
after  a  thorough  soaking  at  the  proper  temperature,  are 
cooled  slowly  in  the  furnace  and  afterward  put  through 
roller  straightening  machines  when  they  are  ready  for 
inspection. 
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The  majority  of  steel  bars  of  under  0.25  per  cent  car- 
bon for  the  automobile  industry  are  cold-drawn,  or  rough- 
turned,  for  automatic-machine  work.  Before  cold-draw- 
ing the  bars  are  pickled  and  then  inspected  for  seams. 
Most  of  this  grade  is  used  for  case-hardening.  These 
lower  carbon  steels  are  generally  not  annealed,  on  account 
of  the  tendency  to  become  too  soft  for  easy  machining 
qualities.  Steels  which  are  dead-soft  from  composition 
should  not  be  annealed  and  cold-drawing  hardens  them 
sufficiently  to  impart  good  cutting  qualities. 

Inspection  is  a  most  important  factor  and  the  inspec- 
tion-department head  should  not  report  to  or  be  any  part 
of  the  mill  organization.  He  should  report  to  the  general 
superintendent  or  manager,  and  his  decision  must  be  final. 
The  attitude  of  the  works  inspector  should  be  that  of 
the  consumer  and  it  is  beneficial  to  both  the  manufacturer 
and  the  consumer  to  have  unsatisfactory  steel  rejected 
at  the  works  of  the  former.  This  not  only  saves  freight, 
cost  of  handling  and  reputation,  but  when  the  steel  is 
rejected  at  the  mill  it  is  brought  to  the  attention  of  the 
entire  mill  organization  and  makes  a  stronger  impression 
on  them,  giving  the  mill  superintendent  opportunity  to 
discover  faults  in  manufacture  in  time  to  prevent  a  re- 
occurrence, whereas,  if  the  steel  is  rejected  by  the  con- 
sumer, the  first  information  received  by  the  mill  super- 
intendent is  by  letter,  which  does  not  make  the  same 
impression  upon  either  him  or  his  organization,  and  when 
the  steel  is  finally  returned  months  later  it  is  rusted,  or 
the  matter  forgotten,  and  the  mill  does  not  have  the  same 
opportunity  to  examine  it.  When  steel  is  rejected  before 
shipment  by  the  works  inspector,  remedies  can  be  applied 
at  once  rather  than  months  later,  during  which  period 
much  unsatisfactory  steel  may  be  shipped  before  the 
manufacturer  knows  of  the  unsatisfactory  product.  There 
is  no  use  concealing  the  fact  that  an  inspector  under  the 
management  of  the  mill  superintendent  will  be  more 
lenient  and  inclined  to  try  to  please  his  superior  by  taking 
chances  on  material  which  may  not  be  up  to  par.  Such 
chances  are  not  taken  when  the  inspection  department  is 
separate  from  the  mill  organization,  and  therefore  the 
manufacturer  and  consumer  are  mutually  benefited. 

It  is  of  considerable  advantage  to  both  the  works  in- 
spector and  the  consumer  if  the  former  has  opportunity  to 
become  acquainted  with  the  details  of  manufacture  of 
the  consumer  of  the  steel.  He  should  have  information, 
for  example,  as  to  machining  tolerances,  the  number  of 
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parts  to  be  machined  from  the  bar,  whether  the  finished 
part  is  to  be  solid  or  hollow,  whettier  the  consumer  in- 
tends to  heat-treat  the  part  and  how,  or  contemplates  an 
upsetting  operation,  and  any  other  such  data.  No  steel 
manufacturer  obtains  100  per  cent  good  product,  and 
information  along  the  lines  indicated  will  enable  the  in- 
spector to  work  more  intelligently.  The  inspector  may 
reject  material  for  very  shallow  surface  seams  in  bar 
stock  on  which  the  consumer  has  sufScient  machining  tol- 
erances to  clean  up  such  defects.  The  point  I  wish  to 
bring  ovtt  is  that  in  our  country  we  waste  too  much  good 
material  and  every  effort  should  be  made  to  reduce  this 
waste  to  a  minimum,  whether  it  be  steel  or  any  other  com- 
modity. The  manufacturer  desires  the  information  men- 
tioned not  to  see  how  much  bad  steel  he  can  ship,  but 
with  the  idea  of  reducing  unnecessary  waste. 

Improperly  heat-treated  alloy  steels  are  inferior  to 
properly  heat-treated  simple  steels.  The  critical  points 
of  two  different  heats  of  steel  of  identically  the  same  com- 
position may  vary  as  much  as  30  deg.  f  ahr.  This  can  no 
doubt  be  attributed  to  the  usual  variation  in  either  the 
finishing  temperature  or  the  rate  of  cooling  from  the 
finishing  temperature.  I  have  no  data  as  to  whether  such 
variations  in  critical  points  are  found  in  heats  of  steel 
of  the  same  composition  after  normalizing;  it  is  possible 
that  after  such  a  treatment  they  will  be  more  nearly 
uniform.  Therefore,  different  heats  of  steel,  if  treated 
in  the  condition  in  which  they  are  shipped  from  the  mill, 
not  normalized,  furnished  under  the  same  chemical  re- 
quirements, will  not  respond  to  one  standard  heat-treat- 
ment, and  it  is  therefore  good  practice  for  the  con- 
sumer to  determine  the  proper  heat-treatment  for  each 
heat  of  steel  he  receives.  Although  the  determination 
of  the  critical  point  of  each  heat  is  of  value,  the  quenching 
temperature  will  increase  with  the  increase  in  the  size 
of  the  part  to  be  treated.  A  very  good  commercial  method 
for  determining  the  ideal  quenching  temperature  of  a 
heat  of  steel  is  to  take  a  number  of  short  bars  from  it, 
nick  them,  and  subject  them  to  various  quenching  tem- 
peratures, beginning  slightly  below  the  critical  point  and 
quenching  to  100  deg.  or  more  above  it,  increasing  each 
quenching  temperature  by  about  25-deg.  increments.  The 
bars  should  then  be  cold-fractured  and  the  quenching  tem- 
perature of  the  bar  having  the  finest-grained  fracture 
should  be  used  as  the  temperature  at  which  the  bars  from 
the  heat  should  be  quenched.    This  temperature  will,  of 
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course,  vary  somewhat  with  the  size  of  the  section  to  be 
treated.  Once  the  ideal  quenching  temperature  is  de- 
termined, the  drawing  or  annealing  temperature  can  be 
arrived  at,  depending  upon  the  required  hardness  of  the 
part.  An  absolutely  uniform  product  can  be  obtained  if 
such  a  practice  is  followed.  In  the  case  of  the  common 
grades  of  steel  it  is  not  necessary  to  work  to  such  close 
ranges  in  the  quenching  temperature,  but  to  obtain  the 
maximum  efficiency  with  the  higher  grades  of  special 
alloy  steels  for  the  more  important  parts,  they  should  be 
given  the  best  heat-treatment  possible. 

To  illustrate  the  effect  of  variations  in  the  quenching 
temperature,  I  selected  nine  bars  of  0.45  per  cent  carbon 
simple  steel  and  heated  them  to  temperatures  ranging 
from  1300  to  1800  deg.  fahr.  and  quenched  them  in 
water.  These  bars  were  all  annealed  at  a  uni- 
form temperature  of  1175  deg.  fahr.  This  grade 
of  steel  contains  sufficient  ferrite  to  permit  a 
clear  interpretation  from  its  microstructure  of  the  effect 
of  varying  quenching  temperatures.  Fig.  4  shows  the 
average  microstructure  of  these  bars  after  the  various 
quenching  temperatures.  It  will  be  noted -that  the  most 
nearly  ideal  structure  was  obtained  in  the  bar  quenched 
at  1500  deg.  The  bars  quenched  below  this  temperature 
did  not  retain  all  of  the  pearlite  and  ferrite  in  solid  solu- 
tion. The  bars  quenched  at  from  1550  to  1800  deg.  are 
seen  from  their  microstructures  to  have  been  quenched 
at  excessive  temperature.  Therefore,  with  this  grade  of 
steel  1500  deg.  is  the  best  temperature  at  which  to  quench. 
The  ideal  quenching  temperature  can  be  readily  detected 
upon  cold-fracture,  but  as  it  is  difficult  to  reproduce  such 
fractures  photographically,  I  selected  the  microphoto- 
graphs  to  demonstrate  the  point. 

Some  years  ago  I  was  connected  with  a  manufacturing 
company  which  had  returned  to  it  about  5000  important 
parts  a  year,  parts  which  were  the  backbone  of  its  prod- 
uct, due  to  their  having  failed  in  service  on  account  of 
being  too  hard  or  too  soft.  The  company  bought  steel 
within  a  10-point  carbon  range,  forged  it  into  the  parts 
and  gave  them  all  practically  the  same  quenching  and 
drawing  temperature.  Therefore,  those  which  were  on 
the  low  side  of  the  carbon  and  manganese  limits  were 
too  soft  and  those  on  the  high  side  too  hard.  It  then 
established  the  practice  of  forging  four  test-pieces  20  in. 
long  and  2  in.  in  diameter  from  each  heat  received,  giving 
some  of  these  a  standard  heat-treatment  by  quenching 
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in  oil  at  about  1500  and  annealing  at  about  1200  c^eg.  fahr. 
Tensile  tests  were  made  with  these  bars  and  if  the  re- 
sults showed  that  they  were  either  too.  hard  or  too  soft, 
the  remaining  pieces  were  heat-treated  and  the  annealing 
temperature  regulated  accordingly.  The  correct  anneal- 
ing temperature  was  always  ascertained  in  the  second 
treatment.  The  parts  then  went  through  the  forging 
and  heat-treatment  departments  by  heats  which  were 
identified  by  lot  numbers,  receiving  the  heat-treatment 
determined  by  the  preliminary  test-bars.  After  this  prac- 
tice was  put  into  operation  the  firm  did  not  have  100  fail- 
ures per  year. 

As  it  is  impossible  for  the  steel  manufacturer  to  dupli- 
cate a  heat  of  steel  of  identically  the  same  composition 
throughout,  it  is  necessary  that  he  be  given  certain 
ranges  in  carbon,  manganese,  nickel,  chromium  and  the 
other  elements.  There  are  times  when  one  or  more  of 
these  elements  are  outside  of  the  allowable  ranees  and 
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are  darkened.  The  silvery  luster  »  doubtless  acquired 
by  the  opposite  surfaces  hammeringr  each  other.  The 
pro^rressive  development  is  shown  by  the  concentric  rip- 
ples on  their  silvery  faces.  The  walls  of  an  incipient 
Assure  are  separated  a  very  minute  distance,  probably 
represented  by  the  elastic  resilience  of  the  steel  in  that 
vicinity.  The  phenomenon  of  permanent  set  or  perma- 
nent elongation  of  the  steel  cannot  take  place  when  a 
fissure  is  formed  in  a  matrix  of  structurally  sound 
metal.  Seamy  or  spongy  steel  would  appear  to  favor 
interior  fiow  of  limited  degree  without  fracture. 

Factors  Determining  Sources  of  Supply 

The  points  to  consider .  in  deciding  upon  the  source 
of  steel  to  be  purchased  are 

(1)  Is  the  steel  manufacturer  in  a  position  to  obtain 
raw  material  of  good  quality 

(2)  What  are  the  manufacturer's  facilities  for  testing 
and  inspecting  his  product 

(3)  Has  he  adequate  chemical  and  physical  laboratory 
equipment  and  an  efiicient  organization  in  these  de- 
partments 

A  prospective  purchaser  of  large  tonnages  of  high- 
grade  steels  should  personally  inspect  the  plant  of  the 
manufacturer  and  become  acquainted  with  the  manufac- 
turer's organization.  In  this  way  he  can  generally  form 
his  own  opinion  as  to  the  ability  of  the  manufacturer 
to  furnish  him  with  the  desired  product 

Is  the  plant  of  the  manufacturer  clean?  In  a  clean 
and  orderly  plant,  steel  is  properly  marked,  piled  and 
assorted,  and  the  workmen  are  more  efficient.  If  a  plant 
is  dirty,  workmen  become  careless  and  mix-ups  occur. 
Fig.  6  shows  the  manner  in  which  billets  should  be  piled 
and  properly  marked  to  keep  the  various  gradei|  of  steel 
from  becoming  mixed. 

The  past  performance  of  the  manufacturer  should  be 
taken  into  consideration;  in  other  words,  what  grades 
of  material  has  he  been  accustomed  to  manufacture. 
The  experimenter  should  be  given  an  opportunity  to  dem- 
onstrate his  ability  to  manufacture  special  steels,  but 
the  consumer  should  avoid  ordering  too  large  a  tonnage 
from  him  until  he  has  demonstrated  what  he  can'  do. 

Each  automobile  manufacturer  should  have  in  his  or- 
ganization a  competent  metallurgical  engineer  who  is 
conversant  with  the  mechanical  design  of  the  various 


Digitized 


by  Google 


ESSENTIALS  OF  STEEL  MANUFACTURE  941 . 

parts  and  has  a  knowledge  of  the  strains  and  stresses 
to  which  they  are  subjected  in  service.  He  should  have 
full  authority  to  decide  upon  the  type  of  steel  to  be  used 
and  the  heat-treatment  necessary  to  impart  the  best  com- 
bination of  physical  and  service  properties.  Such  an 
engineer  can  save  a  company  thousands  of  dollars  by 
reducing  service  failures.  For  parts  subjected  to  steady 
low  strains  the  automobile  engineer  will  select  one  of 
the  cheaper  grades  of  steel  of  a  composition  that  will 
have  the  necessary  tensile  strength,  elastic  limit,  elonga- 
tion, etc.,  to  withstand  these  strains.  For  parts  subject 
in  service  to  severe  vibration  and  shocks  he  will  select 
a  high-grade  alloy  steel  and  pay  particular  attention  to 
obtaining  the  very  best  properties  possible  from  this 
steel  by  correct  and  careful  heat-treatment. 

There  is  one  important  commercial  point  that  I  think 
should  be  emphasized.  The  consumer  in  making  his 
alloy-steel  connections  should,  after  determining  upon 
proper  sources  of  supply,  retain  these  and  not  allow  minor 
price  fluctuations  to  affect  him.  Too  often  purchasers 
magnify  the  importance  of  saving  a  fraction  of  a  cent 
per  pound  and  contract  with  new  sources  of  supply, 
which,  however  capable  of  making  good  steel,  due  to  lack 
of  knowledge  of  the  individual  plant's  requirements,  often 
cause  increased  shop  and  service  losses  which  overbalance 
by  far  the  price  benefit. 
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PAPER 

DIRECT  MULTIPLE-SPEED  AUTOMa 
BILE  REAR-AXLE  DRIVES 

By  H  C  McBrair" 

The  first  car  credited  by  the  author  as  being  equipped 
with  two  or  more  direct  drives  is  the  Sizaire-Naudin,  in 

1905.  The  transmissions  of  this  car  and  of  one  em-  ' 
bodying  similar  principles  of  gearing,  brought  out  in 
1909,  are  described  and  illustrated  by  diagrams.   After 
the  Sizaire-Naudin,  the  next  double  direct-drive  trans- 
mission was  the  Pleukharp  transmission  axle,  made  in 

1906,  although  the  real  ancestor  of  the  present  double- 
drive  rear  axles  is  the  1906  Pilain  transmission;  both 
are  described  and  illustrated.     Other  early  American 
and    foreign    forms    are    commented    upon    — -*    '*'" 
grammed,  including  the  Austin  design,  belie 

author  to  be  the  first  to  use  a  two-speed  a 
simplest  and  lightest  possible  type  to  provi 
rect  drives  in  connection  with  a  separate 
give  additional  forward  speeds  and  the  re\ 
Modern  two-speed  axles  are  reviewed,  wi 
comment  and  diagrams,  and  considerable  di{ 
gear  ratios  is  included.  Following  this  the 
hibits  and  describes  several  so-called  pract 
a  light  two-speed  axle  weighing  not  more 
average  ordinary  axle  in  common  use,  a  tw<v 
reverse  axle  with  splined  differential  hous 
which  the  gears  slide  and  a  three-speed  fo: 
reverse  axle,  the  last  being  shown  conned 
chassis  and  as  used  in  connection  with  an  int 
drive  for  truck  purposes.  Regarding  the  i 
gear  ratio  to  horsepower,  the  author  quotes 
cent  and  E.  T.  Birdsall  to  the  effect  that  a 
gear  ratio  below  the  direct,  that  is  higher  tl 
cent  of  the  direct,  will  give  very  little  add 
An  assembly  for  high  speed  is  illustrated  and 
followed  by  diagrams  of  gear  assemblies, 
ball  bearing  and  a  carrier  bearing. 

I  believe  that  the  first  car  equipped  with 
direct  drives  and  sold  to  any  considerable  ex 
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Sizaire-Naudin,  first  exhibited  at  the  Paris  Small  In- 
ventors' Show  in  1905  and  actually  placed  upon  the  mar- 
ket a  few  years  later.  The  transmission  of  this  car  (See 
Fig.  1)  is  located  on  the  rear  axle  and  consists  of  a  single 
large  crown  gear  mounted  on  the  differential,  just  as  the 
larger  gear  is  usually  mounted  in  the  ordinary  bevel- 
gear-drive  axle.  Three  pinions  of  different  diameter  are 
provided  to  mesh  with  this  crown  gear  for  three  forward 
speeds,  in  addition  to  the  reverse  idler.  This  gives  di- 
rect drive  on  all  three  forward  speeds,  but  it  is  effected 
at  the  expense  of  an  abnormally  large  diameter  of  crown 
gear,  which  has  teeth  of  a  curved  form  giving  point 
contact  only  with  the  pinions  and  a  complicated  motion  of 
the  pinion  shaft  in  two  directions  for  gear-changing. 

A  transmission  embodying  similar  principles  of  gear- 
ing, worked  out  in  a  different  manner,  was  brought  out 


Fig.  1 — Sizaiue-Naudin  Transmission 

in  1909  by  the  Seagrave  Co.,  Columbus,  Ohio,  but  I 
am  not  aware  that  it  ever  met  with  any  commercial  suc- 
cess.   In  this  device,  which  was  called  the  Probst  or  Stone- 
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Probst  axle  (See  Fig.  2)  there  were  only  two  direct 
drives,  the  low  and  reverse  gears  being  geared  down  so 
that  the  size  of  crown  gear  required  was  not  so  great 
for  the  same  power  capacity;  and  a  single  pinion  was 
used,  sliding  along  its  shaft  without  motion  in  any  other 
direction,  to  obtain  the  several  changes  of  gear  ratio. 
This  was  accomplished  by  cutting  two  sets  of  crown  teeth 
on  the  same  face  of  the  axle  gear,  with  space  between 
the  two  circles  for  a  neutral  position  of  the  pinion.  These 


Pig.  2 — Stonb-Probst  Axlb 

two  crown  gears  gave  direct  drive  on  the  two  higher 
speeds.  A  third  set  of  crown  teeth  was  cut  on  the  back 
of  the  same  blank,  into  which  a  countershaft  pinion  con- 
stantly meshed.  A  gear  for  first  speed  also  was  on  this 
shaft  and  was  engaged  by  shifting  the  sliding  pinion 
forward  from  its  neutral  position,  which  was  just  in  front 
of  the  rim  of  the  crown  gear.  An  idler  was  slid  into  mesh 
with  a  countershaft  gear  and  the  sliding  pinion  to  obtain 
the  reverse. 

Early  American  and  Foreign  Forms 

After  the  Sizaire-Naudin  the  next  real  double  direct- 
drive  transmission  to  be  exploited  was  the  Pleukharp 
transmission  axle,  made  in  1906  by  the  Direct  Drive  Axle 
Co.,  Columbus,  Ohio.  The  principle  of  this  gear  is  shown 
in  Fig.  3.  There  are  two  bevel  pinions  and  three  bevel 
gears,  all  being  mounted  loosely  on  their  shafts.  There 
are  also   two   double-jaw  clutches   and   a  roller-coaster 
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FiQ.  3 — Plbukharp  Transmission  Axlb 

clutch  of  the  type  which  has  now  come  into  use  in  connec- 
tion with  engine  starters.  The  diagram  shows  the  low- 
gear  position,  the  drive  being  through  the  roller  clutch. 
The  reverse  is  obtained  by  shifting  the  clutch  on  the  axle 
so  as  to  engage  the  other  large  gear,  the  clutch  on  the 
propeller-shaft  being  still  in  the  rear  position,  where  it 
engages  the  forward  pinion.  For  high  gear,  both  clutches 
are  shifted  from  reverse  position  and  the  roller  clutch 
allows  all  the  gears  which  are  not  in  use  to  stand  idle. 
Only  two  forward  speeds  are  provided,  the  clutch  on  the 
propeller-shaft  selecting  between  them,  while  the  clutch 
on  the  axle  is  not  disturbed  except  when  the  reverse  is 
brought  into  action. 

What  may  be  considered  the  real  ancestor  of  the  present 
double-drive  rear  axles  is  the  Pilain  transmission  (See 
Fig.  4),  which  was  exhibited  at  the  Automobile  Club  of 
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FiQ.  4 — Pilain  Transmission 
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America  show  in  New  York  City  in  December,  1906,  al- 
though this  is  not  truly  a  double  direct-drive,  as  a  second 
gear  reduction  is  provided  by  spur  gears  at  the  rear- 
wheel  hubs.  The  way  in  which  the  two  bevel  pinions  were 
engaged  was  not  revealed  by  the  makers  at  that  time,  but 
probably  there  was  something  in  the  way  of  a  pair  of 
internal  spur-gear  clutches  inside  the  small  housing  on 
the  primary  gear-shaft. 

Designs  similar  to  the  Pilain  have  been  used  in  gear- 
boxes made  integrally  with  jackshafts  for  double-chain 


Fig.   5 — Lancia  Transmission 

drives  in  a  number  of  makes  of  car,  notably  the  Italian 
Lancia,  shown  in  Fig.  5,  and  the  French  Berliet,  Fig.  6, 
made  familiar  by  its  production  in  this  country  by  the 
American  Locomotive  Co.  for  several  years  before  it 
brought  out  the  Alco  car ;  and-  in  a  truck  transmission, 
Fig.  7,  designed  and  exhibited  by  the  Merchant  &  Evans 
Co.,  Philadelphia.  The  last  named  firm  designed  also  a 
similar  rear-axle-mounted  gearset,  which  was  not  to  my 
knowledge  built  and  sold,  although  the  truck  transmis- 
sion has  been  sold  in  some  quantity. 

A  form  of  transmission  which  was  first  used  in  the 
Mors  car  some  ten  years  ago,  has  two  pairs  of  bevel 
gears,  one  for  the  direct  drive  and  the  other  for  the 
countershaft.  While  this  gives  direct  drive  on  only  one 
gear,  it  reduces  the  number  of  gears  through  which  the 
power  is  transmitted  on  the  lower  gears.  This  type  of 
transmission  was  made  familiar  in  this  country  on  chain- 
driven  cars  by  its  use  on  the  Knox,  Matheson  and  Chad- 
wick  cars.  The  American  designs  favored  placing  the 
bevel  gears  back-to-back,  bringing  the  countershaft  to  the 
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Fia.  6 — Berliet  Transmission 

other  side  of  the  transmission,  and  one  of  these  gears 
at  least  was  of  the  selective  type. 

I  believe  that  the  Austin  Automobile  Co.,  Grand  Rapids, 
Mich.,  was  the  first  to  use  a  two-speed  axle  of  the  simplest 
and  lightest  possible  form  to  give  two  direct  drives  in 


Fio.  7 — Merchant  &  Evans  Transmission 
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Fio.   8 — Austin   Two-Spebd   Axib 

connection  with  a  separate  gearset  to  give  add 
ward  speeds  and  the  reverse.  The  smaller  h 
and  the  larger  gear  are  fast  on  the  propellei 
differential  respectively,  the  mating  gear  and  p 
clutched.  The  two  jaw  clutches  required  ai 
nected  so  as  to  operate  like  one  double  clutcli 
construction  is  simpler  and  more  substantial  t 
any  of  the  double  clutches  used  in  preceding  co 
of  this  sort. 

This  axle  gives  two  independent  direct  dr 
conjunction  with  a  three-speed  gearbox,  si 
graded  speeds.  The  chief  advantage,  of  coi 
double  direct-drive.  The  construction  is  v 
shown  in  Fig.  8.  There  are  two  bevel  pinio 
bevel  gears,  the  pinions  being  concentric  ai 
one  closely  behind  the  other,  and  the  gears  ar 
The  larger  bevel  pinion  and  the  smaller  bev 
loose  upon  their  shafts,  but  can  be  secured 
dog  clutches.  The  shifting  collars  of  these  c 
interconnected  so  that  when  one  is  in  enga; 
other  one  is  free.  The  largest  pair  of  gear 
smallest  gear  ratio.  So  far  the  Austin  co 
made  three  different  sets  of  these  gears,  givi: 
ductions  of  3y2  to  1  and  2  to  1;  4  to  1  and  2^ 
to  1  and  3  to  1.  This  Austin  design  overcoi 
of  the  difficulties  by  the  use  of  one  clutch  on  a 
the  other  on  a  gear,  at  the  same  time  gain 
compact  construction.    As  the  outer  gear  is  t 
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differential,  the  inner  one  is  just  as  well  backed-up  when 
clutched  as  though  it  were  solid  also. 

For  further  suggestions  of  double  bevel  construction  a 
drawing  of  the  bevel  gears  of  the  Berliet  design  is  shown 
in  Fig.  6.  This  was  used  in  the  gearbox  of  the  Alco  car 
as  long  as  a  double-chain  drive  was  used  on  that  car. 
Here  we  find  the  shifter  sleeve  passing  through  the  bore 


Fia.  9— Cadillac  Transmission 
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FlQ.     10— MUBBN    AXLB 

of  one  of  the  bevel  pinions,  the  jaw  clutch  being  between 
the  pinions  themselves. 

Modern  Two-Speed  Axles 

Fig.  9  shows  that  in  the  bevel  pinion  and  jaw-clutch 
assembly  of  the  Cadillac  design  every  force  has  been  con- 
sidered, and  there  is  no  uncertainty  as  to  sufficient  sup- 


Fig.    11 — Transmission    Giving    Four    Forward   Speeds    and   One 

Reverse 
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port  such  as  we  observe  in  the  Pleuldiarp  design.  Yet 
we  apparently  see  a  few  leaves  out  of  the  Pleukharp  book 
in  the  separate  support  of  the  outer  sleeve  with  its  bevel 
pinion.  The  universal-joint  is  attached  to  a  solid  shaft 
which  goes  through  to  a  bearing  back  of  the  bevel  pinions 
as  though  there  were  but  one  pinion.    However,  neither 


Fig.    12 — A   Light   Two-Speed   Axle 

pinion  is  keyed  to  this  shaft.  The  smaller  pinion  with 
the  sleeve  is  supported  on  the  shaft  by  two  small  roller 
bearings  and  located  by  ball  thrust-bearings.  If  these  look 
small  as  compared  with  other  bearings  in  the  construc- 
tion, it  must  be  remembered  that  they  are  idle  whenever 
the  small  pinion  is  driving  and  turn  only  when  the  pinion 
is  running  idle.  The  larger  pinion,  with  its  sleeve,  is  sup- 
ported directly  from  the  housing  by  two  taper  roller  bear- 
ings, there  being  clearance  between  the  two  sleeves  and 
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no  chance  for  contact  or  wear.  One  of  the  advantages 
gained  by  this  is  that  the  mesh  of  the  larger  pinion  can 
be  adjusted  by  the  tv^o  outer  bearings  atid  the  mesh  of  the 
smaller  pinion  can  be  independently  adjusted  by  the  two 
bearings  which  support  the  shaft.  The  forward  end  of 
each  of  these  sleeves  carries  a  spur  gear  which  is  used 
as  a  clutch,  connection  being  made  with  the  prq[)eller- 
shaft  through  the  internal  gear,  which  is  shown  in  neu- 
tral position  between  the  two  spur  gears.  The  internal 
gear  slides  upon  an  enlarged  and  splined  portion  of  the 
through-shaft,  being  operated  by  a  shifter.  A  spring  lock 
retains  the  shifter  in  position  for  clutching  either  gear, 
but  the  neutral  position,  in  which  the  clutch  is  here  shown 
for  the  sake  of  clearness,  is  not  used.  The  two  large  bevel 
gears  are  solidly  attached  to  the  differential,  and  the  sizes 
are  such  as  to  give  a  ratio  of  3.66  to  1  with  the  smaller 
pair,  and  2^/2  to  1  with  the  larger  pair. 

As  the  bevel-gear  ratios  of  the  Cadillac  are  2.50  to  1 
and  3.66  to  1,  while  the  second  gear-reduction  in  the 
transmission  is  2.18  to  1  they  give  gear  reductions  as 
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Fxa.  18 — ^A  Two-Spbsd  and  Rbversb  Axuc 
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FiQ.   14 — A  Thres-Speed  Forward  and  Reverse  Axlb 

follows  for  the  four  highest  gear  ratios :  2.50  to  1,  3.66 
to  1,  5.41  to  1  and  7.98  to  1.  These  are  in  almost  exact 
geometrical  ratio,  the  multiplier  being  1.47,  which  is  the 
ratio  between  the  two  direct  drives;  as  8  to  1  is  low 
enough  for  everything  except  emergencies  and  extreme 
grades,  it  is  necessary  to  have  a  lower  gear  for  only  such 
conditions.  The  same  multiplier  used  again  gives  a  low- 
gear  ratio  of  11%  to  1,  which  is  near  the  actual  ratio 
of  the  lowest  gear  obtainable,  making  five  gears  in  nearly 
geometrical  ratio  from  11%  to  1  to  2  V^  to  1.  The  ar- 
rangement as  adopted  has  the  practical  advantage  that 
the  car  can  be  started  on  either  of  the  rear-axle  drives, 
using  the  regular  transmission  gear-reductions  as  though 
there  was  no  double  direct-drive.  This  would  still  be  true 
if  the  low  gear  in  the  transmission  were  in  geometrical 
relation  to  the  other  gears  in  the  transmission,  but  this 
would  give  a  uselessly  low  gear  of  17.3  to  1.  On  the 
other  hand,  it  would  bring  the  two  direct  drives  too  closely 
together,  and  make  it  necessary  to  resort  to  an  indirect 
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Fig.   15 — A  Three-Speed  Forward  and   Reverse  Axi^  Connected 
TO  THE  Chassis 

drive  more  often  if  the  multiplier  in  the  geometric  ratio 
v^ere  reduced  to  1.35  so  as  to  give  six  speeds  in  geomet- 
rical progression  from  2.5  to  1  to  11.6  to  1.  It  would  be 
hard  to  improve  upon  the  ratios  that  have  been  adopted. 
The  Muren  axle,  Fig.  10,  has  three  speeds  forward  and 
a  reverse.  In  this  axle  dog  clutches  are  used  on  both 
pinion  gears  and  bevels.  The  use  of  hollow  pinion-shafts 
limits  the  gear  reduction  and  places  the  high  gear  on  the 


Fio.    16 — A  Thre^Speed  Forward  and  Reverse  Axlb  Bmplotkd 
IN   Connection   with   an   Internal.  Bevel-Gear  Drive  on  Motor 

Trucks 

large  bevel.    The  idling  of  gears  without  proper  bearings 
is  another  bad  feature  of  this  axle. 

Fig.  11  shows  a  four-speed  forward  and  one  reverse 
device  with  a  2  to  1  ratio  on  high  and  a  9  V^  to  1  ratio 
on  low.    This  axle  with  36-in.  wheels  gave  more  ground 
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clearance  than  one  of  the  popular  makes  of  car  of  today ; 
more  than  9  in.  clearance.  The  objection  to  the  axle  was 
its  weight;  it  also  had  a  poor  shifting  device. 

We  now  come  to  practical  axles.    The  first  one,  Fig.  12, 
is  a  light  two-speed  axle  weighing  not  more  than  the 
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Shifting  Rod 


Cam  Ring 

Fia.  17 — Details  op  a  Transmission  in  Which  the  Gear  Spiders 
Slide   on   a   Splinbd   Differential   Housing 

average  ordinary  axle  in  common  use.  The  clearance  on 
this  axle  is  10  V^  in.  with  34-in.  tires.  Quoting  J.  G.  Per- 
rin,  "The  effect  of  unsprung  weight  is  a  broad  subject.  I 
think  that  there  is  a  happy  medium  between  sprung  and 
unsprung  weight;  if  we  go  to  either  extreme  we  lose  in 
the  best  riding  qualities  of  the  car."  J.  N.  Heald  says, 
"I  have  been  driving  lately  a  car  with  a  two-speed  axle 


Fig.   18 — Two  Transmission  Gear  Assemblies 
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having  ratios  of  2V2  to  1-  and  3  2/3  to  1.  I  use  the  2% 
to  1  ratio  very  much;  and  yet  in  driving  an  hour  I  will 
change  perhaps  ten  times  from  one  speed  to  another.  It 
is  interesting  to  show  the  difference  between  the  engine 
running  first  on  one  bevel  gear  and  then  on  the  other. 
At  a  speed  of  25  m.p.h.,  for  example,  a  change  from  the 
2y2  to  1  gear  to  the  low  bevel  will  tend  to  retard  the 
car  unless  additional  gas  is  given  the  engine  to  increase 
its  speed  quickly  by 'about  50  per  cent.  The  additional 
gas  required  and  the  vibration  of  the  engine  at  the 
higher  speed  seem  to  indicate  quickly  and  conclusively 
the  value  of  two  speeds  in  the  rear  axle.  It  seems  that 
the  throttle  does  not  need  to  be  as  wide  open  in  traveling 
on  level  ground  with  the  2^/^  to  1  gear  as  on  the  low 
bevel,  to  produce  the  same  car  speed,  showing  that  a  cer- 
tain amount  of  gas  is  required  to  turn  the  engine  over 
at  the  higher  speed,  which  produces  no  actual  propelling 
effect  as  far  as  the  car  is  concerned.  I  have  been  won- 
dering lately  whether  a  six-cylinder  engine  developing  the 
same  power  as  the  four-cylinder  in  this  car  in  connection 
with  a  two-speed  rear  axle,  would  not  prove  to  be  the 
ideal  car." 

Fig.  13  shows  a  two-speed  and  reverse  axle;  with 
splined  differential  housing  upon  which  the  gears  slide. 
This  axle  will  give  ample  reduction  on  low  gear  and  more 
than  9-in.  ground  clearance.  Fig.  14  illustrates  a  three- 
speed  forward  and  reverse  axle;  Fig.  15  the  axle  as  con- 
nected to  the  chassis,  and  Fig.  16  the  axle  used  in  con- 
nection with  an  internal-gear  drive  for  truck  purposes. 
The  gear  ratios  that  are  easily  obtainable  with  this  axle 
are  from  2  to  5  for  high,  from  3  to  6  for  second  and 
from  6  to  12  for  low. 

The  Relation  of  Gear  Ratio  to  Horsepower 

J.  G.  Vincent  has  said:  "An  indirect  gear  ratio  below 
the  direct,  that  is  higher  than  60  per  cent  of  the  direct, 
will  give  very  little  added  ability.  If  it  is  as  much  as 
70  per  cent  of  the  direct,  it  will  not  give  any.  I  will  put 
it  another  way.  Take  a  hill  of  certain  grade  that  a 
given  car  will  just  climb  on  the  high  and  maintain  20 
m.p.h.  Make  the  gear  ratio  60  per  cent  and  the  car  will 
be  able  to  accelerate.*'  Quoting  from  E.  T.  Birdsall, 
"That  bears  out  some  experience  I  had  with  a  foreign  car. 
It  had  three  speeds.  The  second  speed  was  66  per  cent 
of  the  third.    On  a  given  grade  it  would  not  pick  up, 
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Inner  Ball  Race 
Fig.  19 — A  Special  Ball  Bearing  for  Transmissions 

whereas  with  cars  that  I  made  with  the  second  speed  60 
per  cent  of  the  direct  there  was  no  trouble  in  accelerating. 
I  found  practically  the  same  thing  that  Mr.  Vincent 
found,  that  60  per  cent  of  the  high  gear  is  about  as  high 
as  one  can  go  to  advantage." 

The  gear  spiders  shown  in  Fig*  17  slide  on  a  splined 
differential  housing,  being  moved  into  position  and  locked 
by  rotating  a  cam  ring  against  the  lugs  on  the  ball  bear- 
ing. The  ball  bearing  is  fastened  to  the  gear  spiders  in 
the  usual  manner;  the  cam  ring  has  a  recessed  bearing 
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Cen+ep  Frame  (  ^'^^  Cen-her  Frame) 

Fig.  20 — A  Carrier  Bearing 
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SO  that  it  cannot  move  horizontally.  As  the  cam  ring  is 
rotated  to  put  a  gear  into  mesh,  the  lug  passes  along  the 
inclined  plane  until  the  flat  surface  is  reached  and  the 
gear  becomes  locked  in  position;  when  the  lug  is  at  the 
center  point  the  gear  is  in  neutral.  When  one  gear,  the 
high  gear,  for  instance,  is  in  mesh  and  the  lug  is  at  the 
flat-surface  end  of  the  inclined  plane,  the  cam  ring  on 
the  second-speed  gear  has  passed  from  the  center  point 
to  the  long  flat  surface  and  has  become  locked  out  of 
mesh  at  that  point.  The  gears  are  coupled  up  in  the  usual 
manner.  It  is  possible  to  have  a  three-speed  forward  and 
reverse  drive,  using  a  light  two-speed  axle  for  high  and 
intermediate  speeds  and  a  light  gear-box  for  low  and 
reverse.    This  can  be  made  so  as  to  use  only  one  lever. 

The  low-speed  ratio  drives  are  through  spiral  bevel 
gears.  A  low-speed  pinion  with  nine  teeth  would  give 
excellent  results,  since  it  would  probably  not  be  used  for 
more  than  2  per  cent  of  the  total  mileage. 

Fig.  18  shows  two  gear  assemblies.  Fig.  19  a  special 
ball  bearing  and  Fig.  20  a  carrier  bearing. 

THE    DISCUSSION 

J.  A.  Anglada: — ^We  hear  of  proposed  five  and  six- 
speed  trucks,  with  reference  particularly  to  trucks 
equipped  with  pneumatic  tires.  Why  are  not  more  two 
and  three-speed  rear  axles  used? 

Dr.  McBrair: — One  reason  advanced  is  greater  weight, 
but  the  two-speed  axle  is  as  light  as  the  average  standard 
axle  made  today. 

P.  M.  Heldt: — The  gear  efficiency  is  one  necessary 
consideration.  With  a  double  direct-drive  the  gearset  i» 
not  used  so  much.  Gear  efficiency  is  not  a  definite  thing 
but  varies  with  the  speed  and  the  load.  A  well-cut  pair 
of  spur  or  bevel  gears  will  show  98  per  cent  efficiency  if 
operated  at  moderate  speed  and  with  a  fair  load,  but  the 
efficiency  will  decrease  as  the  load  decreases.  A  gear 
running  free  requires  some  power  to  drive  it  and  does 
no  effective  work ;  hence  the  efficiency  is  zero.  If  no  more 
power  is  taken  out  of  it  than  that  required  to  drive  it 
free,  the  efficiency  cannot  be  more  than  50  per  cent 

A.  L.  Clayden: — I  do  not  remember  who  was  respon- 
sible for  the  first  multiple-speed  axle.  It  was  produced 
long  ago.  I  remember  such  a  car,  but  it  was  not  the 
Pilain.    Another  French  car  with  a  three-speed  axle  was 
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produced  about  1903,  and  Renault  had  at  least  a  twO' 
speed  rear  axle  about  1904  or  1905. 

Another  form  of  multiple  direct-drive  was  experi- 
mented with  in  England  about  1900.  Its  pinions  con- 
sisted of  two  disks  spaced  an  adequate  distance  apart 
and  connected  by  pins  parallel  to  the  axles.  I  believe  it 
showed  a  high  efficiency. 

The  reason  the  multiple-speed  axle  has  not  been  used 
to  a  greater  extent  lies  not  so  much  in  its  weight,  because 
we  have  realized  only  in  recent  years  that  an  ounce  in 
the  rear  axle  is  worth  about  50  lb.  above  the  spring,  as 
far  as  easy  running  is  concerned,  but  is  due  to  the  ex- 
treme difficulty  of  shifting  gears  with  accuracy  and  with- 
out interference  with  that  operation  due  to  road  shocks. 
The  Cadillac  magnetic  method  of  operation  was  developed 
to  overcome  the  extreme  difficulty  of  arranging  a  me- 
chanical shift.  I  do  not  mean  to  suggest  that  it  is  im- 
possible to  arrange  a  straight  mechanical  control,  but  it 
is  not  easy.  Many  engineers  prefer  to  have  someone  else 
work  it  out  for  them. 

H.  W.  Slauson: — I  rode  in  Dr.  McBrair's  car  six  or 
seven  years  ago.  It  was  really  a  revelation  in  control 
and  general  ease  of  handling.  The  various  speeds,  second 
or  third  if  necessary,  could  be  obtained  with  the  same 
feeling  as  though  driving  on  direct  all  the  time. 

It  is  said  that  the  two-speed  rear-axle  Cadillac  was  an 
ideal  car  to  drive  for  those  who  understood  just  how 
and  when  to  operate  it. 

Mr,  Clayden  : — I  have  recently  driven  an  Austin  rear 
axle  and  the  shifting  is  very  good.  I  think  that  it  is  no 
easier  to  drive  than  an  ordinary  transmission,  and  it 
requires  no  more  intelligence. 

H.  C.  Gibson: — ^With  the  McBrair  type  of  axle  there 
is  less  churning  of  the  oil  than  with  the  other  types  of 
multiple-speed  rear  axles.  It  may  happen  that  he  can 
use  light  oil,  in  which  case  there  would  be  a  great  increase 
of  efficiency.    What  is  the  actual  means  of  shifting? 

Dr.  McBrair: — The  first  experiments  were  made  using 
grease  in  the  rear  axle,  but  in  cold  weather  the  bearings 
did  not  receive  proper  lubrication.  We  afterward  found 
that  engine  oil  gave  the  best  results. 

In  regard  to  gearshifting,  it  is  possible  to  shift  from 
high  to  second,  or  from  second  to  high  speed  while  run- 
ning along  at  25  to  30,  10  to  15,  or  50  to  60  m.p.h.  The 
gear  can  be  shifted  at  least  eighty  times  per  minute  if 
the  hand  lever  can  be  pulled  that  fast  and  I  think  it  can. 
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It  is  possible  while  running  at  25  m.p.h.  to  kick  the  clutch 
out  and  throw  the  reverse  gear  in  so  that,  when  the  car 
stops  and  the  clutch  is  let  back  in,  the  car  vnll  go  back- 
ward. It  is  impossible  to  "grind"  the  gears  in  any  way, 
or  to  get  any  noise  when  shifting  from  one  gear  to  the 
other.    The  gears  are  as  quiet  as  any  in  high-gear  drive. 

Mr.  Anglada  : — On  the  average  car  there  are  low-gear 
reductions  of  12  to  16  and  18  to  1.  Is  it  possible  to  obtain 
such  reduction  with  a  multiple-speed  axle  without  using 
an  excessively  large-diameter  housing  for  the  gears?  I 
recently  saw  a  five-tooth  spiral-bevel  pinion  that  had  been 
in  service  about  7000  miles  and  showed  no  sign  of  wear. 
Perhaps  small-diameter  gears  of  this  tjrpe  are  the  solu- 
tion of  the  problem  of  designing  multiple-speed  bevel-gear 
rear  axles  which  are  not  excessively  large  in  diameter. 

Dr.  McBRAiRt — ^A  man  interested  in  axle  manufacture 
recently  told  me  he  had  a  seven-tooth  pinion  that  had  been 
run  several  thousand  miles.  Better  than  a  12  to  1  ratio 
can  be  secured  with  a  small  gear  and  good  clearance.  If 
the  benefit  of  the  gear  ratio  of  60  per  cent  of  direct  drive, 
with  indirect  drive,  can  be  obtained,  12  to  1  ratio  is  as 
good  as  15  to  1,  or  more,  through  the  gearbox. 

I  have  been  driving  a  car  weighing  about  3500  lb.,  in- 
cluding equipment,  and  it  has  always  come  through.  Once, 
coming  over  the  mountains  through  deep  snow,  I  had 
the  radiator  leaking  from  bucking  snowdrifts.  Sof  I 
think  the  gear  reduction  is  a  small  part  of  it.  We  started 
with  a  gear  ratio  of  12  to  1  on  low.  We  have  gradually 
gone  down  until  we  have  7^  to  1  for  low,  4  1/5  to  1  for 
second  and  2^  to  1  for  high  speed. 

Referring  to  car  mileage,  the  car  formerly  gave  12 
miles  per  gal.  when  gasoline  was  good.  At  that  time,  on 
a  test  run,  with  the  car  in  good  condition,  we  carried 
four  passengers  and  drove  from  Middletown,  N.  Y.,  to 
Albany,  N.  Y.,  and  return,  making  12  miles  per  gal.  Later 
we  made  the  same  run  with  the  same  load,  using  the 
three-speed  axle,  and  averaged  33  m.p.h.,  going  65  m.p.h. 
at  times  and  running  slowly  through  cities.  Without  the 
gearbox  the  gasoline  mileage  increased  to  20  miles  per  gal. 

M.  C.  Horine: — One  type  of  multiple  direct  gearing 
has  escaped  our  notice.  It  was  a  French  device  employing 
a  worm  gear  of  variable  pitch  meshed,  as  I  recall,  with 
a  roller  wheel.  This  worm  slid  back  and  forth  and  gave 
variable  gear  reduction.  It  was  a  very  simple  device,  as 
there  were  only  two  gears. 
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C.  F.  Scott: — How  does  Dr.  McBrair's  axle  compare 
with  the  ordinary  type  of  gearshift  in  shifting  from  high 
to  second  speed? 

Dr.  McBrair: — It  is  equally  easy  to  shift  from  high  to 
second  and  from  second  to  high  gear ;  there  is  absolutely 
no  difference.  We  speeded  to  a  maximum  on  high  gear, 
threw  into  second  and  let  the  clutch  in.  The  two  pas- 
sengers in  the  rear  seat  immediately  proceeded  toward 
the  front,  but  that  was  all.  It  is  possible  to  shift  at  any 
speed  without  paying  any  attention  to  the  clutch;  aside 
from  the  jar  it  works  all  right. 

A.  M.  Wolf-: — In  the  12  to  1  low-speed  set,  what  is 
the  pitch  of  the  gear  teeth? 

Dr.  McBrair: — ^They  are  six-pitch  teeth;  in  using  a 
spiral  there  would  be  seven  teeth.  Better  than  a  12y2  to 
1  ratio  can  be  obtained  with  a  15-in.  gear,  giving  over  a 
9-in.  clearance. 

Mr.  Wolf: — ^With  an  eight-pitch  gear,  assuming  one 
could  go  that  low  on  tooth  size,  with  a  twelve-tooth  pinion, 
34-in.  wheels  and  13^^  to  1  total  gear-reduction,  there  is 
approximately  a  6V^-in.  ground  clearance.  With  a  six- 
pitch  gear  the  ground  clearance  would  only  be  about 
3%  in. 

I  think  that  one  good  point  in  Dr.  McBrair's  transmis- 
sion is  the  engagement  of  the  teeth  by  face  contact  in- 
stead of  sliding  the  teeth  lengthwise,  which  accounts  for 
the  ease  of  shifting. 

Mr.  Horine: — ^Are  not  gears  that  are  clashed  into  mesh 
subjected  to  greater  shock,  with  a  dragging  clutch,  than 
in  the  sliding  mesh  where  the  pressure  occurs  closer  to 
the  root  of  the  teeth  instead  of  having  the  tips  of  the 
teeth  take  the  initial  shock?  In  other  words,  the  shape 
of  the  teeth  being  somewhat  rounded,  in  clashing  them 
into  mesh  the  car  must  actually  be  moved  slightly  for- 
ward. Is  it  as  easy  or  easier  to  strip  gears  that  clash, 
in  comparison  with  those  that  slide  into  mesh? 

Dr.  McBrair: — That  question  can  best  be  answered  by 
showing  you  two  of  the  gears  that  were  on  the  car  that 
traveled  43,000  miles.  Those  gears  are  here.  In  meshing 
the  gear  simply  rolls  in. 

L.  G.  Nilson: — It  is  my  opinion  that  it  is  easier  to 
bring  gears  together  in  this  way  than  by  the  customary 
sliding  method.  In  sliding  gears  the  first  contact  is  on 
the  comers  of  the  teeth,  with  the  result  that  the  corners 
are  often  bruised  or  broken.  If  the  gears  are  brought  to- 
gether radially,  the   strains  are  distributed  along  the 
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Whole  length  of  the  teeth.  I  would  like  to  ask  whether 
in  Dr.  McBrair's  construction  any  change  has  been  made 
in  the  pressure  angle,  addendum  and  clearance,  so  that 
when  the  gears  are  brought  together  the  outer  points 
will  not  hit  too  hard?  It  seems  that  the  teeth  should  be 
made  more  pointed  and  not  as  fiat  as  they  are  shown  in 
the  drawings. 

W.  S.  Howard: — On  bevel-gear  transmissions,  the  Gov- 
ernment has  been  holding  us  to  full  load  on  the  reverse 
for  15  min.  Lately,  the  requirement  has  been  changed 
to  1  hr.  at  one-half  load.  It  has  been  a  hard  matter  to 
make  gears  and  bearings  that  would  meet  this  test,  even 
at  the  reduced  horsepower  for  the  longer  period. 

Dr.  McBraib: — Regarding  the  teeth,  standard  stub 
teeth  would  be  better.  I  originally  used  some  gears  with 
long  teeth  and  found  they  shifted  with  stub  teeth  just  as 
well.  The  same  thing  holds  true  with  stub  teeth  on  a 
spiral-bevel  gear. 

Mr.  Clayden  : — I  believe  it  is  necessary  and  customary 
in  all  bevel-gear  drives  to  provide  a  certain  amount  of 
adjustment.  It  is  obvious  that  if  there  are  more  than 
one  pair  of  bevel  gears,  individual  adjustment  is  neces- 
saiy  in  each  successive  pair. 

Dr.  McBrair: — Each  individual  gear  is  arranged  for 
adjustment.  In  fact,  the  adjustment  is  the  same  as  is 
used  in  the  ordinary  rear  axle. 

Mr.  Nilson  : — In  some  of  the  early  French  cars,  the 
Renault  at  least,  were  not  the  gears  put  in  or  out  of  mesh 
by  tumbling  them  radially? 

Dr.  McBrair: — ^Yes,  with  a  handle  near  the  floor. 

Mr.  Horine: — In  the  old  Packard  car  which  had  a 
three-speed  progressive  gearset,  the  reverse  idler  gear  did 
not  slide  but  was  dropped  into  mesh.  As  far  as  I  know 
this  worked  well,  although  it  was  a  double-clash  operation. 

Mr.  Gibson: — It  appears  to  me  that  the  ease  of  en- 
gagement when  shifting  gears,  which  is  attributed  by 
Dr.  McBrair  to  his  design  of  transmission,  can  be  well 
understood  when  we  consider  that  the  peripheral  speed 
of  gears  about  to  engage  is  less  in  the  McBrair  type  than 
in  the  sliding  type  of  transmission. 
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A  large  number  of  tests  were  made  in  the  altitude 
laboratory  of  the  Bureau  of  Standards,  using  aircraft 
engines.  The  complete  analysis  of  these  tests  was  con- 
ducted under  the  direction  of  the  Powerplants  Commit- 
tee of  the  National  Advisory  Committee  for  Aeronau- 
tics. Many  of  the  engines  were  of  the  same  make,  dif- 
fering in  compression  ratio  or  dimensions.  The  testing 
program  included  determinations  of  the  brake-horse- 
power at  various  speeds  and  altitudes,  or  air  densities, 
and  the  friction  power,  or  the  power  required  to  oper- 
ate the  engine  with  no  fuel  or  ignition  at  various  speeds 
and  air  densities,  with  normal  operating  conditions  of 
oil,  water  and  the  like.  Some  tests  included  determina- 
tion of  the  effect  of  change  of  mixture  ratio  and  of  air 
temperature,  and  of  different  oils. 

The  difficulties  caused  by  the  necessity  of  using  in- 
direct methods  to  ascertain  the  effect  of  various  fac- 
tors are  outlined.  The  test  analyses  and  curves  are 
presented.  Results  from  many  tests  were  analyzed 
and  the  relation  between  speed,  air  density  and  fric- 
tion torque  expressed  as  mean  effective  pressure,  was 
studied.  Running  comment  is  made  on  the  analyses 
and  charted  sesults,  including  consideration  of  pump- 
ing loss,  variation  of  friction-horsepower  with  8i>eed, 
the  effect  of  change  of  air  density  upon  the  indicated 
power  and  the  foot-pounds  of  indicated  work  obtained 
per  pound  of  gasoline  supplied. 

Heat  balance  and  losses  are  considered  in  consider- 
able detail,  the  conclusion  being  that  an  increased  utili- 
zation of  the  energy  supplied  in  fuel  must  be  obtained 
by  an  increase  of  compression  ratio  and  the  efficiency 
of  combustion,  as  it  seems  almost  impossible  to  reduce 
the  jacket  losses  to  an  appreciable  extent. 

The  analysis  of  the  engine  tests  discussed  in  this 
paper  is  now  in  progress  at  the  Bureau  of  Standards, 
being   conducted    under   the    direction    of   the    Power- 
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plants  Committee  of  the  National  Advisory  Committee 
for  Aeronautics.  The  complete  analysis  will  appear 
as  a  report  of  the  National  Advisory  Committee  for 
Aeronautics.  A  large  number  of  tests  were  made  in 
the  altitude  laboratory,  using  aii*craft  engines.  Many 
of  these  engines  were  of  the  same  make,  differing  in 
compression  ratio  or  dimensions.  The  testing  program 
included  determinations  of  the  brake  horsepower  at  vari- 
ous speeds  and  altitudes,  or  air  densities,  and  the  fric- 
tion power,  or  the  power  required  to  operate  the  engine 
with  no  fuel  or  ignition  at  various  speeds  and  air  densi- 
ties, with  normal  operating  conditions  of  oil,  water,  etc. 
Some  tests  have  included  special  variations,  such  as  de- 
termining the  effect  of  variation  of  mixture  ratio,  air 
temperature  and  different  oils. 

If  indicator  cards  were  available,  many  things  could 
be  seen  directly,  whereas  without  the   indicator  it  is 
necessary  to  use  indirect  methods  to  ascertain  the  effect 
of  various  factors.    The  change  of  an  operating  condi- 
tion such  as  speed,  air  density  or 
the  indicated  power  liberated  by  c 
cylinder  in  a  direct  manner;  but 
change  the  power  required  to  ovei 
For  example,  a  change  of  mixtui 
decrease  the  brake  power  has  pre 
changed  the  friction,  if  the  speed  ai 
constant,  but  a  change  of  air  dens 
and  with  a  suitable  mixture  ratio 
the  indicated  power  but  the  frictio 
there  will  be  at  least  two  causes 
power.     In   other  words,   when  st 
operating  conditions,  the  effect  upc 
the  fundamental  relation  and  the  eff 
is  only  a  most  important  by-product 
are  thus  a  promising  field  for  in 
because  they  must  be  understood  ii 
but  because,  at  present,  we  must  kn( 
to  obtain  a  measure  of  the  energy  1 
cylinder.     The  term  friction  as  he 
only  the  piston  and  bearing  frictio 
required  to  operate  the  valves,  pur 
etc.,  and  the  pumping  losses  to  cha 
cylinder.    It  would  appear  that  the 
when  the  engine  is  being  driven 
might  not  be  the  same  as  the  frici 
is  operating,  because  of  the  effect  ( 


digitized  by 


Google 


SOME  FACTORS  OF  ENGINE  PERFORMANCE 


965 


sures  and  temperatures,  the  effect  of  the  fuel  upon  the 
cylinder-wall  lubrication,  and  other  features.  The  values 
of  indicated  power  obtained  by  adding  the  brake  and 
friction  power  appear  to  be  a  good  measure  of  what 
would  be  obtained  with  an  indicator. 

Test  Analyses  and  Curves 

Results  from  many  tests  were  analyzed,  studying  the 
relation  between  speed,  air  density  and  friction  torque, 
expressed  as  mean  effective  pressure.    It  was  found  that 
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Fia.  1 — Relation  betv/ekn  Friction  Mran  Effective  I'ressure  and 
Air  Density 

the  friction  mean  effective  pressure  for  a  given  air 
density  was  nearly  a  straight-line  function  of  speed,  and 
for  a  given  speed  it  was  also  nearly  a  linear  function 
of  air  density  as  shown  in  Figs.  1  and  2.  The  densities 
used  in  the  tests  ranged  from  0.076  lb.  per  cu.  ft.  at 
ground  level,  or  75  cm.  barometer,  to  0.030  at  about 
30,000  ft.  altitude,  or  less  than  30  cm.  barometer.  By 
extending  the  curves  of  friction  mean  effective  pressure 
for  constant  speed  to  zero  density,  a  good  idea  was  ob- 
tained of  the  friction  when  the  pumping  loss  was  zero. 
By  subtracting  the  friction  at  zero  density  from  the 
friction  at  another  density  and  the  same  speed,  a  value 
wajs  obtained  which  indicated  the  magnitude  of  the 
pumping  loss.  The  estimates  of  the  pumping  losses  thus 
obtained  were  directly  proportional  to  the  air  density  for 
a  given  speed.    The  pumping  losses  would  be  expected 
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to  vary  in  this  w^ay  because  the  piston  displacement  for 
a  given  speed  or  volume  is  constant,  and  the  difference 
of  pressure  between  suction  and  exhaust,  or  the  pressure 
per  unit  area,  is  proportional  to  the  density.  The  volu- 
metric efficiency  enters  as  a  factor,  but  if  it  decreases 
it  will  increase  the  pressure  difference  and  decrease  the 
density  at  the  same  time;  thus  its  effect  tends  to  be 


100      400       600      800 


R.RM. 


Pia.  2 — Relation  between  Friction  Mean  Effective  Pressure  and 

Speed 

small.  The  subject  of  volumetric  efficiency  is  very  elu- 
sive and  is  not  touched  upon  here.  Insofar  as  possible, 
this  analysis  has  been  made  to  eliminate  dealing  with 
volumetric  efficiency  as  such,  or  so  as  to  consider  it  a 
result,  not  a  cause. 

Some  tentative  curves  for  variation  of  friction  horse- 
power with  speed  are  given  in  A  Study  of  Airplane 
Engine  Tests,  Report  No.  46,  of  the  Fourth  Annual 
Report  of  the  National  Advisory  Committee  for  Aero- 
nautics, page  23,  plot  27.  These  curves  were  made  from 
rather  meager  data,  but  indicated  an  increase  of  friction 
horsepower  with  speed  raised  to  a  fractional  exponent, 
up  to  a  critical  speed,  above  which  the  friction  horse- 
power increased  with  about  the  square  of  the  speed. 
More  recent  work,  based  upon  more  complete  and  reliable 
data,  indicates  that  the  relationship  between  friction  and 
speed  is  not  so  simple,  although  similar.  The  logarith- 
mic plot  of  friction  horsepower  against  revolutions  per 
minute  in  Fig.  3  is  a  continuously  curving  line  whose 
instantaneous  slope  at  any  speed  is  dependent  upon  the 
engine;  but  in  general  the  friction  horsepower  increases 
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Fia.    S — Relation  bktween  the  Horsepower  Required  to  Over- 
come Friction  and  the  Speed 
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more  rapidly  at  higher  speeds,  being  about  with  the 
square  of  the  speeds  for  small  speed  changes  at  the  rated 
speed  of  the  airplane  engines  which  were  studied. 

There  has  been  some  question  as  to  the  exact  effect 
of  change  of  air  density  upon  the  indicated  power.  In 
National  Advisory  Committee  for  Aeronautics  Report 
No.  46,  because  of  the  lack  of  data  on  friction  horsepower 
it  was  practically  assumed  that  this  relation  was  one  of 
direct  proportionality.  In  the  work  now  being  done,  the 
indicated  power  has  been  closely  approximated  by  adding 
together  the  brake  and  friction  powers.  The  form  of 
the  indicated  horsepower  versus  density  curves  on  pages 
8  to  11  of  report  No.  46  are  substantially  confirmed  in 
Fig.  4,  in  which  the  5.4  compression  ratio  is  indicated 
by  a  cross  and  the  7.2  ratio  by  a  circle.  Adverse  condi- 
tions are  usually  encountered  at  extreme  altitudes,  a 
persistent  difficulty  being  the  rich  mixture  supplied  by 
stock  carbureters.  This  causes  the  indicated  power  to 
decrease  faster  than  the  density,  above  20,000  ft. 

Another  way  of  showing  the  effect  of  density  upon 
indicated  power  is  to  plot  the  indicated  work  against  the 
weight  of  air  supplied  as  in  Fig.  5,  in  which  the  plotting 
points  are  shown  by  numerals  indicating  the  ratio  of  air 
to  fuel  in  the  mixture.  The  points  obtained  with  an 
open  throttle  have  a  circle  around  the  numerals,  while 
the  others  are  from  a  throttled  engine  with  the  indi- 
cated mean  effective  pressure  corrected  to  approximately 
the  equivalent  open-throttle  value.  The  correction  is 
based  upon  the  pressure  difference  between  the  exhaust 
and  intake  manifolds.  This  method  of  plotting  elimi- 
nates to  a  large  extent  the  effect  of  speed  and  permits 
comparison  of  different  engines.  The  resulting  curve  is 
not  exactly  a  straight  line.  Excessively  rich,  or  lean, 
mixtures  will  reduce  the  amount  of  work  obtained  from 
a  pound  of  air  and,  with  a  given  mixture  ratio,  when  the 
weight  of  air  supplied  is  reduced  by  decreasing  the 
density,  the  power  obtained  from  a  pound  of  air  is  re- 
duced. Some  exhaust-gas  analyses  were  available;  theso 
indicate  that  the  denser  the  air  the  greater  is  the  per- 
centage actually  used  in  the  combustion.  An  approxima- 
tion of  the  efficiency  of  combustion,  or  the  degree  ff 
utilization  of  the  air,  was  obtained  from  the  amount  of 
excess  oxygen  in  the  exhaust  gas  at  various  altitudes. 
The  coefficient  of  utilization  of  the  air  at  various  alti- 
tudes was  applied  to  the  numerical  values  of  the  pounds 
of  air  supplied  per  cylinder  per  cycle,  giving  an  idea  of 


Digitized 


by  Google 


SOME  FACTORS  OF  ENGINE  PERFORMANCE 


969 


how  the  indicated  work  changed  with  change  of  the 
weight  of  air  utilized  in  the  combustion,  shown  by  the 
lighter  line  on  Fig.  5.  It  seems  that  they  are  directly 
proportional  and  the  relation  indicates  no  work  at  no 
air,  whereas  the  relation  of  indicated  work  versus  the 
weight  of  air  supplied  is  a  curve  starting  at  no  work 
for  some  air  and  becoming  asymptotic  to  the  direct  pro- 
portionality,  such  as  is  shown  by  the  heavier  line  on 
Fig.  5.  Apparently,  the  indicated  work  obtainable  is 
directly  proportional  to  the  weight  of  air  actually  com- 
bining with  the  fuel,  providing  combustion  is  complete 
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no.   4 — Relation  between  the  Indicated  Mean  Effective 
Pbessure  and  the  Density  of  the  Air 
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and  the  air  and  fuel  are  in  suitable  proportions.  The 
proper  proportions  of  air  to  gasoline  for  various  alti- 
tudes are  not  definitely  known,  although  it  is  believed 
that  altitude  has  little  effect.  Much  work  has  been  re- 
ported recently,  in  engineering  circles,  upon  the  effect 
of  change  of  mixture  ratio  upon  power  and  thermal 
efficiency.  The  combustion  is  dealing  with  what  can  foe 
called  an  effective  mixture  ratio,  which  cannot  be  di- 
rectly measured.  The  usual  measured  mixture  ratio 
includes  more  fuel  than  the  effective  mixture  ratio,  de- 
pending upon  the  kind  of  fuel,  carburetion,  distribution, 
speed,  etc.  Perhaps  the  difference  between  the  actual 
and  effective  ratios  is  small  in  some  cases. 

The  foot-pounds  of  indicated  work  obtained  per  pound 
of  gasoline  supplied  steadily  increases  as  the  mixture 
ratio  is  made  leaner,  up  to  mixture  ratios  of  20  lb.  of  air 
to  1  lb.  of  gasoline.  For  still  leaner  mixtures  the  engine 
becomes  erratic.  A  curve  showing  the  relation  of  indi- 
cated work  to  weight  of  air,  such  as  that  in  Fig.  5,  is 
arithmetically  the  same  as  one  showing  the  relation  of 
work  per  pound  of  gasoline  to  mixture  ratio,  or  the 
pounds  of  air  per  pound  of  gasoline.  However,  in  some 
of  the  tests  the  weight  of  air  was  changed  by  altering 
the  air  density;  in  others  by  changing  the  speed;  in 
still  others  by  changing  the  mixture  ratio  or  the  air 
temperature  at  a  constant  speed  and  pressure.  The  con- 
ditions of  the  test  may  alter  the  appearance  of  the 
curves.  Some  of  the  latter  tests,  with  changing  mixture 
ratios,  were  plotted  to  the  coordinates  of  work  per  pound 
of  gasoline  and  mixture  ratio.  For  the  runs  with  vary- 
ing mixture  ratio,  the  foot-pounds  of  indicated  work 
per  pound  of  air  supplied  was  found  to  be  smalPat  rich 
mixtures,  such  as  9  lb.  of  air  to  1  lb.  of  gasoline,  rising 
to  a  maximum  at  about  15  to  1  and  then  decreasing  again. 
The  leanest  mixture  employed  was  about  22  to  1.  An 
increase  of  the  compression  ratio  will  increase  the  work 
obtainable  from  a  pound  of  air.  The  efficiency  of  com- 
bustion increases  with  increase  of  density.  If  change 
of  speed  enters,  it  is  a  minor  effect.  The  data  available 
are  not  complete  enough  to  answer  quantitatively  ques- 
tions as  to  the  possible  effect  of  altitude  or  compression. 
The  mixture  ratio  giving  just  sufficient  oxygen  for  com- 
plete combustion  of  this  gasoline  is  about  15.3  to  1.  The 
gasoline  used  in  all  of  these  tests  is  of  high  volatility, 
meeting  the  1918  specifications  for  aviation  gasoline. 
No  account  could  be  taken  of  the  quantity  of  oil  which 
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enters  into  combustion,  although  the  exhaust-gas  analy- 
ses and  other  evidences  indicate  that  the  quantity  may 
be  too  great  to  neglect  safely. 

Heat  Balance  and  Losses 

Another  interesting  relation  was  shown  on  some  tests 
wherein  the  temperature  of  the  entering  air  was  changed. 
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Pia.  5 — Effect  of  Air  Density  upon  thb  Indicatjbd  Power  of  an 
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The  indicated  work  obtainable  from  either  a  pound  of 
air  or  a  pound  of  gasoline  is  indei)endent  of  the  tern- 
perature  of  the  charge  in  the  manifold,  for  temperatures 
from  10  to  120  deg.  fahr.  This  may  not  be  true  for 
still  lower  temperatures,  as  this  gasoline  does  not  seem 
to  carburet  well  when  the  air  entering  is  below  0  deg. 
fahr.  Concerning  the  heat  balance  of  an  engine,  the  use 
of  either  the  higher  or  lower  heating  value  of  the  gaso- 
line supplied  as  100  per  cent  is  open  to  serious  objec- 
tion, largely  because  changes  in  the  air-to-fuel  ratio 
alter  the  completeness  of  combustion  and  because  the 
efficiency  of  combustion  also  is  affected  by  change  of  the 
density  of  the  charge  at  the  time  of  ignition,  the  effect 
of  altitude  or  compression  ratio.  The  heat  balance  really 
should  be  based  upon  the  heat  made  available  by  com- 
bustion. 

S.  W.  Sparrow  has  already  suggested  the  use  of  ratios 
of  jacket  and  exhaust  losses  to  the  brake  horsepower 
which  work  out  very  well  for  showing  some  relations. 
Carrying  this  idea  further,  heat  balances  were  computed 
using  the  heat  accounted  for  in  the  exhaust,  jacket  and 
brake,  as  100  per  cent  instead  of  the  heat  supplied  in 
the  gasoline.  The  heat  thus  accounted  for  is  nearly 
equal  to  the  heat  made  available  by  combustion,  the  dif- 
ference being  the  radiation,  conduction  and  convection 
losses,  a  matter  of  only  a  few  per  cent.  The  amount  of 
heat  carried  away  by  the  cooling  of  the  lubricating  oil 
was  roughly  measured  on  one. engine,  and  was  about 
one-half  of  1  per  cent  of  the  heat  supplied  in  the  gaso- 
line. For  compression  ratios  of  about  5.4,  the  indicated 
power  is  about  34  per  cent  and  the  exhaust  loss  about 
53  per  cent  of  the  heat  accounted  for,  no  systematic 
changes  being  noted  for  changes  of  speed,  altitude  or 
minor  changes  of  mixture  ratio. 

Some  computations  have  been  made  by  Dr.  Donald 
MacKenzie,  based  upon  theoretical  considerations  and  the 
exhaust-gas  analyses  at  various  altitudes.  For  the  ex- 
haust-gas analyses  available,  the  mixture  was  propor- 
tioned for  maximum  power.  Other  mixture  ratios  would 
give  different  gas  analyses,  so  that  his  computations  are 
not  strictly  applicable  to  the  altitude  tests  with  stock 
carbureters.  Using  his  values  for  the  energy  to  be  ex- 
pected from  the  combustion  of  1  lb.  of  0„  the  heat  avail- 
able from  1  lb.  of  air  was  found.  In  connection  with  the 
weight  of  air  supplied  to  the  engine,  the  heat  made  avail- 
able by  combustion  was  computed.    Another  heat  balance 
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Fio.   6 — Relation  between  the  Heat  Rejected  and  the 
Compression  Ratio 


was  based  on  this  as  100  per  cent,  again  giving  con- 
sistent and  nearly  constant  indicated  thermal  efficiencies 
of  about  31  per  cent  and  exhaust  losses  of  about  60  per 
cent.  These  values  appear  to  decrease  slightly  at  alti- 
tude, possibly  because  the  heat  available  was  based  upon 
maximum  power  mixtures  while  the  tests  had  mixtures 
richer  than  the  maximum  power  at  ^ltitude,  with  conse- 
quent less  complete  combustion. 

The  heat  accounted  for,  that  of  the  exhaust,  jacket 
and  brake,  is  less  than  the  heat  available,  which  is  the 
weight  of  air  supplied  times  the  heat  it  makes  available, 
by  an  amount  of  the  order  of  8  per  cent  at  ground  level. 
The  residual  by  test,  which  is  the  heat  supplied  in  the 
gasoline  minus  the  heat  accounted  for,  is  of  the  order  of 
20  per  cent  at  ground  leveL  This  indicates  that  about 
12  per  cent  of  the  heat  is  lost  in  some  manner.  The 
radiation  losses  are  probably  of  the  order  of  2  per  cent. 
At  25,000-ft.  altitude,  the  discrepancy  between  the  heats 
supplied,  available  and  accounted  for,  is  greater. 

The  "air-standard''  efficiency  used  as  an  ordinate  in 
Fig.  6,  or  the  efficiency  of  the  Otto  cycle,  using  air,  as- 
suming constant  specific  heat,  is 

(1  \0.408 

compression  ratio/ 
Comparing  the  heat  exhausted  in  the  Otto  cycle 

1  \  0.4O8 


( 


compression  ratio 


10/ 


and  the  heat  actually  discharged  in  the  exhaust  of  the 
engines  for  the  same  compression  ratio,  excluding  un- 
burnt  fuel,  it  is  found  that  the  percentages  are  practi- 
cally identical  when  the  percentage  of  actual  engine  ex- 
haust is  based  upon  the  heat  available  from  combustion. 
At  various  times  tests  have  been  made  in  the  altitude 
laboratory  upon  engines  with  compression  ratios  ranging 
from  4.7  to  1  and  8.3  to  1.  Taking  the  exhaust  as  a  per- 
centage of  the  heat  supplied  in  the  gasoline,  it  is  found 
that  the  different  compression  ratios  gave  exhaust  at 
ground  level  as  approximately  95  per  cent  of  the  theo- 
retical heat  rejection;  85  per  cent  at  15,000  ft.  and  80 
per  cent  at  25,000-ft.  altitude.  When  the  exhaust  losses 
are  approximately  corrected  to  the  basis  of  heat  gene- 
rated inside  of  the  cylinder,  they  apparently  coincide 
with  the  theoretical  rejection  for  thai  compression  ratio, 
as  shown  in  Fig.  6.  This  would  indicate  that  an  in- 
creased utilization  of  the  energy  supplied  in  fuel  must 
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better  brake  power,  but  if  we  originally  used  an  oil  of 
lighter  viscosity  we  would  have  the  same  kind  of  an 
increase  in  brake  power  that  was  secured  by  increasing 
the  jacket  temperature. 

Mr.  Gaston: — ^Your  results  seem  to  indicate  that  the 
engines  are  over-cooled. 

Mr.  Gage: — I  will  not  say  that.  These  engines  were 
run  at  about  a  160  deg.  outlet. 

Mr.  Gaston  : — If  the  results  are  better  when  run  hot- 
ter, why  are  they  not  over-cooled? 

Mr.  Gage: — My  point  was  that  hotter  jackets  thinned 
the  oil  down  toward  the  danger  point.  The  oil  was 
selected  for  the  probable  range  of  jacket  temperatures. 
Probably  the  largest  friction  loss  is  the  piston  friction. 
If  we  reduce  the  viscosity  of  the  oils  on  a  cylinder  wall, 
we  have  less  friction.  In  other  words,  the  engines  are 
lubricated  with  perhaps  too  heavy  an  oil,  because  we 
intend  to  play  safe.  We  use  too  heavy  an  oil  so  as  to 
take  care  of  emergencies.  These  statements  are  my  per- 
sonal opinion,  formed  upon  theory  and  rather  meager 
experimental  data. 

S.  Udale: — ^Were  any  experiments  made  to  determine 
whether  the  wire-drawing  was  more  noticeable  at  alti- 
tude? Was  the  falling  off  of  the  mean  effective  pressure 
at  high  speeds  more  noticeable  at  great  altitudes  than 
at  low?  For  example,  was  it  greater  at  30,000  ft.  than 
at  ground  level? 

Mr.  Gage: — That  would  be  shown  on  the  indicated 
horsepower  curve.  The  indicated  mean  effective  pres- 
sure is  practically  proportional  to  the  density  of  the  air. 
As  we  rise  in  the  air,  we  reduce  the  pumping  losses  and 
the  other  friction  becomes  less,  but  still  the  percentage 
of  friction  becomes  greater.  However,  the  amount  is  an 
engine  characteristic.  Curves  for  the  Liberty  engine 
would  be  different  from  those  for  the  Hispano-Suiza. 

Mr.  Udale: — ^Was  the  critical  velocity  determined? 
I  mean  that  with  a  given  engine  there  is  a  limit  in  speed; 
the  characteristic  of  any  engine  will  eventually  be  flat. 
Of  course,  the  average  aeronautic  engine  is  not  run  near 
that  speed.  Under  those  circumstances,  if  the  speed  was 
run  up  to  such  a  point,  would  it  be  found  that  the  horse- 
power was  constant,  that  you  had  the  peak? 

Mr.  Gage: — The  volumetric  efficiency  falls  off  beyond 
a  certain  speed. 
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Mr.  Udale; — There  is  a  flat  characteristic. 

Mr.  Gage  : — Above  that  we  begin  to  have  more  friction 
of  the  air  getting  in.  It  cannot  get  in  through  the 
passages. 

Mr.  Udale: — Was  this  investigated?  That  is  impor- 
tant in  certain  classes  of  airplane  engines. 

Mr.  Gage: — Yes,  the  Liberty  engine  is  run  to  2000 
r.p.m.  The  Hispano-Suiza  has  a  peculiar  sort  of  engine 
characteristic  that  seemed  to  tend  to  continue  increasing, 
at  least  up  to  2200  r.p.m.  Still,  there  is  a  considerable 
wire-drawing,  or  manifold  depression  on  this  engine, 
which  increases  with  speed. 

Mr.  Udale: — Did  density  have  any  influence? 

Mr.  Gage: — Perhaps  your  point  is  covered  in  that  run 
with  the  engine  throttled,  where  corrections  were  applied 
in  order  to  compare  throttling  with  altitude  effects.  In 
other  words,  this  change  of  the  mean  effective  pressure 
with  density  is  directly  proportional  to  the  density  of  the 
air  at  the  beginning  of  the  compression  stroke.  There  is 
no  difference,  whether  the  density  is  changed  by  going 
-  up  in  the  air  or  by  throttling  the  engine,  either  inten- 
tionally or  unintentionally  as  by  manifold  restrictions, 
except  for  the  relative  change  of  suction  and  exhaust 
pressures. 

Mr.  Udale: — My  point  is  whether  there  would  need 
to  be  any  different  proportions  in  the  area  of  the  pas- 
sages than  if  designing  for  ground-level  conditions.  Is 
the  viscosity  of  the  air  any  higher? 

Mr.  Gage: — I  cannot  answer  that  last  question  defi- 
nitely because  the  throttle  runs  have  been  made  only  at 
5000,  10,000  and  15,000  ft.  It  would  seem  that  the  best 
proportions  might  be  the  same  at  all  densities.  For, 
although  the  velocity  through  the  manifold  increases  at 
altitude,  the  friction  of  the  air  in  passing  through  be- 
comes less  as  it  becomes  less  dense.  My  estimate  is  that 
the  passages  would  not  need  to  be  changed  much.  This 
subject  involves  volumetric  efficiency,  which  also  includes 
heat  transfer  from  jackets,  cooling  effects  from  evapora- 
tion of  fuel  and  other  things.  It  is  hard  to  tell  the  net 
result  of  change  of  only  one  of  the  factors. 

J.  W.  Stack  : — Were  your  friction  experiments  carried 
on  with  Liberty-engine  specification  oil? 

Mr.  Gage:— Yes;  mainly  with  Liberty  aero  oil. 
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Mr.  Stack: — ^Were  viscosity  comparisons  made  for 
different  temperatures  in  the  friction  test? 

Mr.  Gage: — That  subject  has  been  investigated,  but  I 
cannot  quote  the  viscosity  figures.  The  actual  viscosity, 
or  temperature,  of  oil  in  the  cylinder  walls  is  not  known, 
so  no  quantitative  comparison  of  viscosity  and  engine 
friction  can  be  made. 

W.  S.  Nathan: — ^What  was  the  layout  in  the  venturi 
for  measuring  air?  Was  the  venturi  directly  on  the  car- 
bureter for  measuring  the  entering  air? 

Mr.  Gage: — That  is  a  point  which  explains  why  some 
of  the  data  do  not  plot  as  well  as  they  should,  especially 
in  connection  with  the  work  per  pound  of  air.  The  air  is 
drawn  into  the  chamber  through  a  box  on  top,  where 
cooling  and  heating  coils  are  located;  it  goes  from  that 
box  through  a  venturi  meter  into  the  chamber.  The  ven- 
turi meter  is  connected  to  the  carbureter  intake  by 
semi-fiexible  connections. 

Mr.  Nathan: — ^You  are  dependent  on  the  suction  of 
the  engine  for  the  action  in  the  venturi.  Have  you  taken 
any  account  of  the  inaccuracies  of  the  venturi  under  the 
pulsating  flows? 

Mr.  Gage  : — The  pulsating  flows  with  the.  engines  used 
are  not  very  great.  They  are  not  as  much  as  we  often  ex- 
perience when  using  the  venturi.  The  fact  is  that  the 
flexible  connection  between  the  venturi  and  the  engine 
leaked  a  little  air.  I  found  that  we  can  get  a  3  per  cent 
leakage  under  the  maximum  unbalanced  conditions.  The 
pressure  in  the  carbureter  intake  is  balanced  against  the 
chamber  pressure,  and  maintained  practically  the  same. 
The  maximum  leakage  would  be,  perhaps,  3  per  cent  in  or 
out,  depending  on  whether  the  venturi  is  under  greater  or 
less  pressure  than  the  chamber. 

Mr.  Nathan  : — I  take  issue  with  you  there,  because  I 
know  that  some  tests  have  been  made  in  which  it  was 
found  that  any  sort  of  a  reciprocating  engine,  or  pump 
or  compressor,  has  a  very  serious  effect  on  the  accuracy 
of  the  venturi. 

Mr.  Gage: — That  is  very  true  and  the  slower  the  pul- 
sation is  the  greater  the  difficulty,  because  we  are  read- 
ing a  manometer  which  is  going  up  and  down.  A  damp- 
ing device  is  put  in  to  stop  pulsations,  and  some  kind  of 
a  mean  is  what  is  read.  We  are  then  reading  a  pressure 
difference  which  is  the  mean  of  the  upper  and  lower 
values.    What  should  be  used  is  the  mean  of  the  square 
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roots  of  the  fluctuations,  instead  of  the  square  root  of 
the  mean  of  the  fluctuations;  the  larger  the  fluctuation 
the  greater  the  error.  With  eight  or  twelve  cylinders 
pulling,  at  1800  r.p.m.,  we  get  a  very  steady  pull  on  the 
venturi.  It  is  not  a  really  serious  fluctuation.  If  we 
try  to  use  a  venturi  on  a  duplex  boiler  pump,  running 
20  strokes  per  min.,  we  will  have  trouble  from  pulsations. 

J.  JANICKI: — You  mentioned  that  comparative  tests 
were  made  on  friction,  trying  to  allot  the  relative  per- 
centages of  piston,  gear  and  other  frictions.  Can  you 
give  an  approximate  idea  of  what  those  relative  friction 
losses  were? 

Mr.  Gage: — I  have  gone  no  further  than  to  allot  a 
certain  percentage  to  the  pumping  loss.  The  bearing 
losses  are  small.  The  pumping  losses  for  ground  density 
at  normal  speed  run  a  little  under  50  per  cent  of  the 
total  friction  losses. 

Mr.  Shumachbr: — ^You  mentioned  a  new  type  of  indi- 
cator; will  you  describe  it? 

Mr.  Gage  : — That  was  described  at  the  annual  meeting 
of  the  Society  held  at  New  York  City  in  January,  1920. 
The  indicator  being  developed  at  the  Bureau  of  Stand- 
ards was  primarily  conceived  for  use  inside  the  altitude 
chamber.  This  necessitated  a  long-distance  control,  as 
no  person  can  work  inside  of  the  closed  chamber  when 
the  engine  is  running.  It  is  of  the  diaphragm  type, 
fitting  into  a  spark-plug  hole,  and  is  slightly  larger  than 
a  spark-plug.  The  connection  between  the  engine  cylin- 
der and  the  under  side  of  the  diaphragm  consists  of  a 
number  of  small  drilled  holes  surrounded  by  a  water- 
jacket.  These  holes  are  of  very  small  volume  so  as  not 
to  alter  the  compression  space.  The  diaphragm  is  placed 
between  supporting  grids,  both  above  and  below,  limit- 
ing the  deflection  to  a  few  thousandths  of  an  inch.  In 
the  center  of  the  top  grid  is  an  insulated  electrode 
connected  in  a  circuit  through  a  telephone  receiver  and 
dry  cell,  the  circuit  being  grounded  at  the  diaphragm^ 
The  space  above  the  diaphragm  is  connected  to  a  pressure- 
tank  or  vacuum-pump  system  with  indicating  gages,  so 
that  a  pressure  can  be  applied,  and  measured,  to  balance 
the  pressure  on  the  under  side  exactly.  A  difference  of 
■  a  few  tenths  of  a  pound  will  be  sufficient  to  allow  or  pre- 
vent contact  of  the  diaphragm  with  the  electrode,  result- 
ing in  a  click,  or  no  click,  in  the  telephone  receiver.  As 
so  far  described  the  device  would  be  suitable  only  for 
maximum  or  minimum  pressures.    To  obtain  an  indicator 
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diagram,  the  electric  circuit  must  include  a  commutator 
rotating  with  the  engine  or  dynamometer  shaft,  and  a 
brush  contact  adjustable  to  any  crankshaft  angle.  The 
purpose  of  this  timing  device  is  to  give  a  complete  cir- 
cuit through  the  telephone  receiver  only  at  the  selected 
piston  position,  so  that  the  cylinder  pressure  at  this  point 
can  be  balanced  by  the  applied  pressure.  Thus,  the  pres- 
sures at  each  angle  of  the  cycle  can  be  measured,  and  an 
indicator  diagram  can  be  plotted  from  the  data.  This 
diagram  will  represent  average-  pressures  for  the  time 
consumed  in  taking  the  data. 

Me.  Janicki: — Relative  to  the  indicator,  my  experi- 
ence has  been  in  taking  cards  that  the  variation  in  the 
mixture  gives  various  mean  effective  pressures.  That  is 
particularly  shown  on  slow-running  engines.  In  plotting 
the  expansion  curve  with  that  type  of  indicator,  would 
the  factors  or  the  average  points  obtained  from  that  sort 
of  a  curve  carry  any  great  weight  in  real  values  in  your 
opinion? 

Mr.  Gage: — ^Yes;  the  change  in  mixture  ratio  greatly 
affects  the  mean  effective  pressure. 

Mr.  Janicki: — ^Assuming  an  engine  that  is  running 
at  500  r.p.m.,  before  the  pencil  can  be  released  from  con- 
tact with  the  card  in  the  ordinary  indicator,  six  or  seven 
or  probably  ten  various  expansion  curves  will  have  been 
drawn  on  that  card,  and  they  may  vary  20  or  30  per  cent. 
In  plotting  the  curve,  particularly  on  low-grade  fuels, 
probably  it  is  not  so  apparent,  with  high-grade  fuel,  as 
you  pick  these  average  points,  would  that  be  a  large 
factor  in  the  work? 

Mr.  Gage: — ^With  various  mixture  ratios,  on  the  one- 
cylinder  Liberty  engine  and  on  some  of  the  smaller 
engines,  a  smooth  expansion  curve  is  obtained.  It  is  not 
a  broad  band.  The  maximum  variations  of  pressure  on 
the  several  contemporary  expansion  lines  occur  at  the 
beginning  of  the  stroke,  and  there  is  practically  no  vari- 
ation of  the  expansion  lines  after  the  middle  of  the 
stroke,  even  when  there  is  a  variation  at  the  start.  The 
rang^  of  mixtures  covered  was  from  ordinarily  lean  to 
quite  rich.  However,  the  very  lean  mixtures  are  erratic ; 
they  may  not  explode  at  all  or  they  may  give  a  fairly 
full  card.  Such  mixtures  would  not  be  tolerated  in  nor- 
mal operation. 

In  using  a  gas-engine  indicator  of  the  ordinary  type, 
expansion  lines  such  as  just  described  are  seldom  ob- 
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tained  because  of  the  inertia  of  the  indicator  parts  and 
the  periodic  vibration  of  the  spring.  If  the  rise  of  pres- 
sure in  the  engine  happens  on  an  upswing  of  the  vibrat- 
ing parts,  the  resulting  explosion  and  expansion  line  of 
the  card  is  too  high,  and,  similarly,  the  vibrations  of  the 
indicator  may  partially  counteract  the  effects  of  ex- 
plosion. There  are  many  different  periods  of  vibrations 
of  the  ordinary  steam-engine-type  indicator,  just  as 
there  are  various  overtones  of  an  organ  pipe. 

Mr.  Janicki: — I  wanted  to  clear  up  this  point,  at 
fairly  constant  speed  and  load,  the  fluctuations  being 
small.    The  data  obtained  would  be  of  value. 

F.  C.  Ziesenheim: — What  temperature  and  pressure 
correction  should  be  used  for  correcting  horsepower 
to  standard  conditions  for  general-purpose  test  work? 

Mr.  Gage  : — I  have  had  many  discussions  on  that  score. 
There  are  a  large  number  of  variables  and  we  must  get 
back  to  indicated  horsepower  to  make  any  logical  correc- 
tion. It  appears  that  if  we  consider  indicated  horse- 
power, the  temperature  will  affect  the  power  to  be  ob- 
tained mainly  as  temperature  reduces  the  weight  of 
charge,  because  the  power  is  proportional  to  the  weight 
of  charge.  The  pressure  correction  is  made  in  the  same 
way,  simply  as  the  density  affects  the  weight  of  charge 
drawn  in.  That  assumes  that  the  suction  and  exhaust 
pressures  maintain  the  same  relations  to  each  other,  no 
throttling  change,  but  change  of  density  by  altitude  or 
temperature.  For  brake  horsepower,  no  rough-and- 
ready  rule  that  I  know  of  can  be  applied  unless  we  figure 
it  in  advance  for  the  particular  engine. 

J.  G.  ZIMMERMAN: — On  the  question  of  flame  propaga- 
tion which  comes  in  so  strongly  in  all  high-speed  work, 
has  anything  been  done  on  comparative  work  with  the 
various  grades  of  fuel? 

Mr.  GAGE: — Comparing  flame  propagation  for  differ- 
ent fuels,  the  only  thing  that  has  been  done  is  a  recent 
test,  when  benzol  was  studied,  and  also  some  commercial 
gasoline  was  used.  On  commercial  gasoline  the  one- 
cylinder  Liberty  engine  knocked  very  badly. 

Mr.  ZIMMERMAN: — One  report  given  out  by  the  Bu- 
reau of  Standards  on  flame  propagation  gave  the  speed 
as  30  meters  per  sec.  Does  that  fluctuate  with  slight 
change  in  the  composition  of  the  fuel?  I  am  inclined  to 
think  that,  in  many  of  the  so-called  high-speed  low- 
grade-fuel  engines,  designers  are  encountering  the  prob- 
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lem  of  flame  propagation  without  realizing  what  the 
trouble  is.  It  is  that  the  piston  runs  away  from  the 
flame  if  governed  too  high,  in  trying  to  operate  on  lower- 
grade  mixtures. 

Mr.  Gage: — In  the  Proceedings  of  the  Institution  of 
Automobile  Engineers''  Professor  Bone  discusses  selec- 
tive burning  and  shows  how  the  hydrocarbons  break 
down  into  one  product  or  another,  passing  through  the 
different  alcohols,  etc.,  and  finally  may  end  with  CO,  and 
H,0,  if  the  combustion  is  completed.  I  am  inclined  to 
believe  that  in  burning  kerosenes  some  compounds'^  ignite 
very  quickly,  but  many  of  them  hang  fire  and  continue 
to  burn,  and  there  may  be  something  of  the  effect  you 
mention.  We  have  been  watching  the  flame  propagation, 
in  regard  to  detonation,  but  I'must  refer  that  explanation 
to  Dn  MacKenzie. 

Mr.  Zimmerman: — Do  you  not  think  that  the  knock 
is  due  to  the  explosion  of  the  first  fuel  constituents  and 
that  then  difficulties  come  in  because  the  mixture  is  not 
completely  burned  on  account  of  the  dilution  of  the 
remainder? 

Mr.  Gage:— Yes. 

Mr.  Zimmerman: — How  much  of  the  apparently  de- 
layed burning  is  due  to  the  fact  that  we  have  a  liquid 
instead  of  a  vapor?  That  is,  we  have  an  imperfectly  va- 
porized fuel  in  this  heavier  grade. 

Mr.  Gage: — That  enters  to  a  large  extent,  but  the  other 
factor  is  there,  no  matter  if  we  do  have  the  fuel  vapor- 
ized, although  I  may  be  mistaken.  I  am  basing  this 
opinion  upon  what  I  have  read,  and  my  information  has 
come  mainly  from  British  sources.  Even  if  we  have 
the  fuel  completely  vaporized,  we  will  have  some  of  the 
effect  of  delayed  burning. 

Mr,  Zimmerman: — It  will  be  made  much  worse  by 
imperfect  vaporization,  will  it  not? 

Mr.  Gage  : — I  should  judge  so. 

Mr.  Janicki  : — I  conducted  some  experiments  in  which 
I  burned  the  gases  at  sub-stage,  not  supplying  sufficient 
air  at  the  first  stage  to  complete  the  combustion,  and  ob- 
tained a  sort  of  gasifying  effect.  I  found  that  I  could 
maintain  a  flame  propagation  at  approximately  100  lb. 
per  sq.  in.,  open  flow  to  the  atmosphere,  which  gave  me 
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an  influx  of  about  600  ft.  per  sec.  at  the  secondary  stage. 
I  did  this  by  first  burning  the  charge  and  reducing  it  to 
a  gas,  then  burning  it  a  second  time. 

Chairman  Dent  Parrbtt: — ^You  have  covered  the 
point  of  unused  oxygen  in  the  exhaust  gas ;  have  you  any 
figures  of  how  that  varies  in  accordance  with  conditions? 

Mr.  Gage: — The  information  on  that  subject  is  from 
tests  with  wide-open  throttle  and  maximum  power  mix- 
tures. Under  these  conditions,  apparently  about  98  per 
cent  of  the  oxygen  was  used  on  the  ground,  falling  off  to 
perhaps  88  per  cent  at  20,000  or  30,000-ft.  altitude. 
These  values  are  qualitative,  not  quantitative.  I  hope 
that  we  may  eventually  have  really  definite  information 
concerning  combustion  and  exhaust-gas  analysis.  It  is 
a  very  important  phase  of  the  work. 

M.  A.  Smith: — ^What  was  the  explosion  pressure  on 
that  engine?  Could  you  record  that  pressure  with  the 
indicator  you  used? 

Mr,  Gage: — I  cannot  say  definitely,  especially  in  regard 
to  these  engines  in  the  altitude  laboratory.  I  have  seen 
between  500  and  700  lb.  per  sq.  in.  on  the  one-cylinder 
Liberty  engine  when  it  was  knocking,  with  commercial 
gasoline.  It  dropped  down  considerably  below  that  when 
we  again  used  export  grade  aviation  gasoline. 


Digitized 


by  Google 


DESIGN  OF  INTAKE  MANIFOLDS  FOR 
HEAVY  FUELS 

By  F  C  Mock* 


The  adoption  of  the  present  system  of  feeding  a  num- 
ber of  cylinders  in  succession  through  a  common  intake 
manifold  was  based  upon  the  idea  that  the  fuel  mix- 
ture would  consist  of  air  impregnated  or  carbureted 
with  hydrocarbon  vapor,  but  if  the  original  designers 
of  internal-combustion  engines  had  supposed  that  the 
fuel  would- not  be  vaporized,  existing  instead  as  a  more 
or  less  fine  spray  in  suspension  in  the  incoming  air,  it 
is  doubtful  that  they  would  have  had  the  courage  to 
construct  an  engine  with  this  type  of  fuel  intake. 

That  present  fuel  does  not  readily  change  to  hydro- 
carbon vapor  in  the  intake  manifold  is  indicated  by 
tables  of  vapor  density  of  the  different  paraffin  series 
of  hydrocarbon  compounds.  This  means  that  for  cer- 
tain vaporization  of  fuels  containing  elements  of  this 
density  the  intake  manifold  must  be  heated  to  a  tem- 
perature slightly  greater  than  the  hand  can  bear  con- 
tinuously, and  the  present  gasoline  contains  a  large 
percentage  of  ingredients  much  less  volatile  than  this. 

To  verify  the  belief  that  the  fuel  cannot  evaporate 
in  the  intake  manifold  at  ordinary  temperatures,  evap- 
oration experiments  were  made  using  a  large  tank 
having  a  conical  bottom,  and  further  definite  proof 
that  the  mixture  remains  wet  was  obtained  by  viewing 
it  through  a  glass-sectioned  manifold.  Critical  air 
velocities  and  the  range  of  manifold  velocities  are  then 
discussed  at  length  and  five  specific  points  of  design 
which  seem  to  apply  universally  are  stated  and  com- 
mented upon.  The  application  of  heat  and  the  improved 
operation  secured  are  then  considered  and  illustrated, 
the  different  ways  of  applying  heat  being  enumerated 
as  the  heating  of  the  fuel  before  it  issues  from  the 
carbureter  nozzle;  the  heating  of  the  air  charge;  and 
the  heating  of  the  intake-manifold  walls. 

In  the  early  days  of  the  motor  car,  the  adoption  of 
our  system  of  feeding  a  number  of  cylinders  in  succession 
through  a  common  intake  manifold  was  based  upon  the 
idea  that  the  fuel  mixture  would  consist  of  air  impreg- 
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nated  or  carbureted  with  hydrocarbon  vapor.  If  the 
original  designers  of  internal-combustion  engines  had 
supposed  that  the  fuel  v^ould  not  be  vaporized,  but  in- 
stead exist  as  a  more  or  less  fine  si)igiv.o"n  «»5Tfrehsion  in 
the  incoming  air,  it  is  doubtful  whbu^^.,,^  .  .  ^vould  have 
had  the  courage  to  construct  an  engine  with  this  type  of 
fuel  intake,  for  it  would  have  required  very  little  im- 
agination to  foresee  some  of  the  difficulties  which  we 
have  grown  to  tolerate  in  recent  years  because  they  have 
come  upon  us  so  gradually. 

That  our  present  fuel  does  not  readily  change  to  hydro- 
carbon vapor  in  the  intake  manifolds  is  indicated  by 
tables  of  vapor  density  of  the  different  paraffine  series 
of  hydrocarbon  compounds,  which  show  that  even  with 
elements  of  58  deg.  Baum4  gravity  and  a  boiling  point 
of  about  340  deg.  fahr.,  the  vapor  density  necessary  for 
combustion  can  be  obtained  only  with  a  vapor  tempera- 
ture above  110  deg.  fahr.  This  means  that  for  certain 
vaporization  of  fuels  containing  elements  of  this  density, 
the  intake  manifold  must  be  heated  to  a  temperature  a 
little  greater  than  the  hand  can  bear  continuously;  and 
our  present  gasoline  contains  a  large  percentage  of  in- 
gredients much  less  volatile  than  this.  I  think  it  is  the 
experience  of  everyone  who  has  observed  these  condi- 
tions closely  that  we  have  almost  no  difficulty  with  "car- 
buretion"  when  adequate  mixture  temperatures  are  ob- 
tained, and  practically  all  the  troubles  in  this  line  occur 
when  the  manifold  temperature  is  lower  than  this  point. 

To  verify  our  belief  that  the  fuel  cannot  evaporate  in 
the  intake  manifold  at  ordinary  temperatures,  we  built  a 
large  tank  with  a  conical  bottom  of  sufficient  size  to  hold 
about  2  lb.  of  air.  We  have  repeatedly  put  into  this 
2/15  lb.  of  different  samples  of  gasoline  and  allowed  it 
from  V^  hr.  to  3  weeks  to  evaporate,  blowing  a  draft  of 
air  upon  the  surface  of  the  fuel  in  the  bottom  of  the  tank 
to  facilitate  its  evaporation.  With  gasoline  of  56-deg. 
Baum^  gravity  from  Oklahoma  crude,  we  were  able  to 
draw  off  about  60  per  cent  of  the  amount  we  had  poured 
in;  with  60-deg.  Baum4  gasoline  from  California  pe- 
troleum we  drew  off  about  30  per  cent,  both  these  ex- 
periments being  conducted  while  the  temperature  of  the 
tank  was  between  68  and  75  deg.  fahr.  Repetition  of 
the  experiment  with  different  durations  of  time  seemed 
to  indicate  that  the  vapor  reached  equilibrium  in  a  very 
few  minutes, 

A  final  definite  proof  that  the  fuel  does  not  evaporate 
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in  the  manifold  is  obtained  when  you  build  windows  or 
glass  sections  in  the  manifold  and  look  at  it.  With  the 
airplane  gasoline  used  in  the  recent  war,  of  about  68- 
deg.  gra  '*  - '  ^n  end-point  of  257  deg.  fahr.,  the 
mixture  ii^  ..i^  .*ii»Aiiiold  was  quite  wet  at  60  deg.  fahr. 
and  became  completely  dry,  with  wide-open  throttle,  at 
a  temperature  between  100  and  110  deg.  fahr.  With 
our  mid-west  gasoline  of  about  56-deg.  gravity  and  an 
end  point  above  400  deg.  the  mixture  is  wet  at  and  below 
120  deg.  fahr.  at  all  throttle  positions  except  extreme 
idle.  When  the  throttle  is  closed  it  reduces  the  air 
density  in  the  manifold,  and  if  the  mixture  proportion 
of  the  carbureter  is  properly  maintained  less  fuel  will 
also  be  fed,  so  that  a  lesser  vapor  density  will  be  required 
at  partial  throttle  openings.  For  this  reason  the  mix- 
ture will  always  be  more  nearly  evaporated  at  closed 
than  at  wide-open  throttle. 

Certain  benzol-mixture  fuels  now  sold  at  Chicago  are 
remarkable  in  that  the  manifold  is  dry  and  the  mixture 
absolutely  transparent  at  wide-open  throttle  at  80  or  90 
deg.  fahr. 

Critical  Aib  Velocity 

When  the  fuel  issues  from  the  carbureter  nozzle  and 
sprays  out  into  the  air-stream,  we  believe  that  the  con- 
dition of  vapor  saturation  is  reached  very  shortly  after 
it  leaves  the  nozzle,  and  all  the  fuel  which  can  evaporate 
at  that  temperature  does  so.  The  remainder  continues 
in  the  form  of  small  drops  which  may  either  be  carried 
along  in  suspension  in  the  air-stream  or,  if  the  air  draft 
is  too  weak,  fall  back  and  collect  on  the  walls  and  the 
bottom  of  the  air  passage.  Thus  we  have  a  critical  air 
velocity  below  and  above  which  the  action  in  the  mani- 
fold and  the  fuel  feed  to  the  engine  are  radically  differ- 
ent. When  the  air  velocity  is  sufficient  to  carry  the  fuel 
drops  along  with  it,  the  temperature  in  the  manifold  is 
not  so  important  and  the  ability  to  handle  the  fuel  de- 
pends more  upon  the  temperature  in  the  cylinders.  For 
instance,  I  have  known  of  engines  that  will  fire  on  kero- 
sene almost  as  well  with  a  cold  small  intake  manifold  of 
high  air  velocity  as  with  a  heated  manifold,  provided  in 
both  cases  the  cylinders  are  sufficiently  hot.  Also  at 
high  velocities  the  distribution  of  fuel  to  the  different 
cylinders  tends  to  follow  the  distribution  of  air  fairly 
closely  and  is  less  dependent  upon  the  contour  of  the 
manifold  bends  and  curves. 
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Below  this  critical  air  velocity  the  fuel  after  leaving 
the  carbureter  nozzle  slov^s  down,  because  in  practically 
all  carbureters  the  air  velocity  at  the  nozzle  is  higher  than 
that  in  the  manifold.  In  this  slowing  down  the  particles 
tend  to  drop  out  of  the  mixture  and  settle  upon  the  walls, 
and  when  they  strike  any  obstacle  or  pass  around  any 
bend  they  adhere  to  the  walls  and  are  not  wiped  off  again 
by  the  air  draft.  This  develops  an  accumulation  and  ir- 
regular flow  of  fuel  along  the  walls,  with  the  result  that 
not  only  is  the  rate  of  fuel  feed  different  to  different 
cylinders,  but  it  is  often  different  into  the  same  cylinder 
on  successive  suction  strokes.  Another  particularly  ob- 
jectionable thing  is  the  time  lag  between  an  increase  of 
fuel  flow  at  the  carbureter  and  an  increase  of  fuel  flow 
at  the  cylinder.  When  the  throttle  is  opened  quickly 
from  a  closed  position  the  increased  air  feed  reaches  the 
next  cylinder  on  the  suction  stroke,  but  the  unevaporated 
part  of  the  increased  gasoline  feed  does  not  reach  any 
of  the  cylinders  until  several  revolutions  later.  It  is  this 
erratic  chronological  variation  of  fuel  feed  to  the  cylin- 
ders that  we  blame  largely  for  many  of  our  difficulties 
in  operation,  such  as  gasoline  getting  past  the  pistons 
into  the  crankcase,  an  accumulation  of  carbon  and  foul- 
ing of  spark-plugs.  It  is  also  the  reason  our  present- 
day  engines  are  very  sensitive  to  every  variation  in  igni- 
tion, because  it  seems  that  the  more  erratic  the  vapor 
content  in  the  cylinder  the  more  heat  units  are  required 
in  the  spark  to  effect  ignition. 

Another  condition  which  seems  to  assist  the  precipita- 
tion of  the  drops  from  the  mixture  is  change  in  the 
direction  of  flow.  In  the  multi-cylinder  manifold,  when 
the  cylinders  draw  one  after  another  in  different  direc- 
tions, at  each  suction  stroke  there  is  a  certain  reversal 
of  flow  along  the  manifold,  and  at  this  time  the  air  will 
slow  down  and  gain  velocity  in  a  reverse  direction  much 
more  easily  than  the  heavier  gasoline  drops.  We  believe 
it  is  largely  for  this  reason  that  the  difficulties  of  distri- 
bution increase  with  the  number  of  cylinders. 

I  have  made  a  few  experiments  with  glass  manifold 
sections  to  determine  what  velocities  are  necessary  to 
keep  a  fairly  well  atomized  mixture  in  suspension. 
These  indicate  that  under  a  steady  non-pulsating  air-flow 
a  velocity  of  38  ft.  per  sec.  is  necessary  to  keep  the  atom- 
ized drops  off  the  walls  in  a  vertical  pipe.  After  passing 
around  a  bend  or  tee  the  requirements  are  more  severe 
because  the  fuel  has  once  been  thrown  on  the  walls  by 
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Fig.  1 — CuBVB  Showing  Air  Velocities  in  Engine  Manifolds 


centrifugal  force  and  must  be  wiped  off  again  by  the  air 
velocity.  We  seem  to  find  that  to  keep  the  intake  mani- 
fold walls  clean  beyond  a  tee  or  fairly  sharp  bend  re- 
quires a  manifold  velocity  of  about  75  ft.  per  sec.  Under 
conditions  of  pulsating  flow,  with  suction  strokes  which 
do  not  overlap,  as  with  engines  of  four  cylinders  or  less, 
we  have  reason  to  believe  that  the  critical  velocities  are 
somewhat  less,  say  about  80  per  cent  of  the  values  above 
given. 

To  simplify  the  computation  of  air  velocities  we  have 
prepared  the  curve  shown  in  Fig.  1.  The  mean  manifold 
velocity  for  any  given  engine  will  depend  upon  the  total 
displacement  of  the  engine,  the  revolutions  per  minute, 
the  volumetric  efficiency  and  upon  the  diameter  of  the 
intake  passage.  These  curves  have  been  made  on  a  basis 
of  90  per  cent  volumetric  efficiency  which  is  probably 
in  excess  of  that  obtained  with  any  of  our  engines  at 
their  normal  operating  speeds.  Having  given  the  piston 
displacement  of  the  engine,  we  multiply  it  by  the  desired 
number  of  revolutions  per  minute  and  use  this  value  as 
an  ordinate,  from  which  the  air  velocities  corresponding 
to  different  diameters  of  intake  passages  may  be  easily 
read  off. 

Range  of  Manifold  Velocities 

Our  chief  difficulty  in  manifold  design  comes  because 
our  engines  must  operate  through  a  largQ  range  of 
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speeds.  If  a  car  is  designed  to  run  at  a  maximum  speed 
of  50  m.p.h.  with  a  wid&open  throttle  and  the  intake 
manifold  is  designed  for  a  velocity  of  200  ft.  per  sec 
at  this  speed,  a  velocity  of  75  ft.  per  sec.  will  correspond 
to  about  19  m.p.h.,  below  which  there  vrill  probably  be 
some  difficulty  in  getting  proper  carburetion  with  a  cold 
intake  charge,  and  a  velocity  of  38  ft.  per  sec.  will  cor- 
respond to  9%  m.p.h.,  below  which  it  will  probably  be 
very  difficult  indeed  to  get  the  engine  to  fire  properly 
with  a  cold  manifold  and  a  moderately  lean  mixture.  It 
is,  of  course,  possible  to  change  the  mixture  vapor  con- 
tent, with  a  fuel  containing  a  number  of  different  ele- 
ments, by  increasing  the  rate  of  fuel  feed,  and  thus  in- 
crease the  vaporization  from  the  light  elements  fed. 

I  have  heard  of  cars  which  were  designed  to  oi)erate 
with  a  cold  manifold  at  1  m.p.h.  with  a  wide-open  throttle. 
On  this  basis,  with  the  above  manifold,  the  air  velocity 
would  be  but  4  ft.  per  sec.,  or  2%  m.p.h.  An  intake 
manifold  with  a  velocity  as  low  as  this  looks  very  bad. 
As  you  all  know,  a  2^-m.p.h.  breeze  can  scarcely  be 
felt;  and  I  am  quite  sure  the  manifold  walls  would  be 
covered  with  tears  of  grief  because  the  gasoline  could 
not  get  up  to  the  cylinders. 

It  is  possible  to  overcome  these  difficulties  to  a  large 
extent  and  get  a  much  wider  operating  range  with  a  pas- 
senger-car engine  by  the  proper  application  of  heat.  I 
simply  wish  to  emphasize  the  futility  of  trying  to  design 
a  high-speed  passenger-car  engine  without  giving  careful 
attention  to  this  application  of  heat.  We  can  give  an 
engine  large  valves,  lighter  reciprocating  parts  and  effi- 
cient lubrication,  but  if  we  design  the  intake  manifold 
large  enough  for  high  speed  with  no  better  heating  means 
than  a  mere  water-jacket,  we  will  simply  have  an  engine 
that  will  not  operate  a  great  part  of  the  time  when  a  man 
would  like  to  drive  his  car.  We  were  able  to  make  air- 
plane engines  operate  throughout  a  desirable  range  with- 
out heat  on  the  manifold,  because  of  the  good  grade  of 
fuel  used  and  the  nature  of  the  propeller  load,  which, 
when  the  engine  speeds  are  low,  permit  running  with 
partial  throttle  and  more  favorable  evaporating  condi- 
tions ;  but  the  same  design  would  be  absolutely  impossible 
in  a  passenger  or  a  commercial  car  with  our  present 
heavy  fuels. 

As  previously  stated,  even  distribution  to  the  different 
cylinders  of  the  liquid  fuel  content  in  the  intake  mani- 
fold is  practically  impossible  at  very  low  air  speeds. 
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while  at  extremely  high  speeds  the  fuel  usually  follows 
the  air  closely.  There  is  a  large  intermediate  range, 
however,  through  which  the  fuel  distribution  is  quite 
definitely  affected  by  the  design  and  contour  or  map  of 
the  intake  system,  and  in  this  analysis  it  is  necessary  to 
make  a  distinction  between  the  effect  of  changes  in  con- 
tour and  changes  in  area,  which  operate  by  varying  the 
velocity.  My  own  experience  has  probably  been  the  same 
as  that  of  most  engineers,  that  in  addition  to  the  things 
we  can  understand  about  an  intake  manifold  which  affect 
distribution,  there  are  a  number  t)f  puzzling  facts  which 
we  can  scarcely  account  for  at  all;  for  one  instance,  the 
extraordinary  effect  that  changing  the  order  of  firing 
may  have  upon  the  efficiency  of  a  given  manifold  design. 
Some  time  ago  we  built  a  device  by  which  we  could  blow 
a  mixture  of  air  and  atomized  water  or  gasoline  through 
an  intake  manifold  shape  built  in  wood  with  one  glass 
side.  We  also  incorporated  a  hand  oii  belt-operated  set 
of  valves  so  that  the  successive  impulses  of  suction  could 
be  reproduced.  With  this  we  gained  an  entirely  new  idea 
of  the  action  of  the  intake  manifold  and  found  what 
seemed  to  be  a  satisfactory  explanation  for  a  number  of 
the  anomalies  we  had  observed. 

The  first  thing  we  noticed  was  that,  on  account  of  the 
long  distance  and  number  of  bends  between  the  main 
carbureter  passage  and  any  given  valve  pocket,  when  the 
suction  to  a  pocket  begins,  after  having  previously  been 
inactive,  the  fuel  does  not  immediately  begin  to  flow 
through  the  valve,  and  by  the  time  the  flow  of  fuel  drops 
and  mixture  has  been  established  the  valve  closes,  while 
the  fuel  piles  up  near  the  valve  pocket  and  stops.  On 
the  next  suction  stroke  this  fuel,  left  over  from  the 
preceding  one,  goes  in  and  another  charge  is  drawn  over 
from  the  carbureter  passage  ready  to  go  in  the  next 
time.  In  other  words,  it  is  entirely  improbable  that,  at 
most  operating  speeds,  the  unevaporated  part  of  any 
given  fuel  charge  completes  its  journey  from  the  car- 
bureter nozzle  to  the  cylinder  during  the  same  suction 
stroke  that  its  air  charge  does. 

We  also  seemed  to  find  that  whenever  the  fuel  and  air 
mixture  comes  to  a  tee  or  a  point  where  the  passage 
divides,  and  when  there  is  a  flow  in  one  direction  while 
the  other  division  is  inactive  because  its  intake  valve 
is  shut,  as  a  result  of  the  eddy  at  this  point  a  little  pool 
of  fuel  is  formed  in  the  passage  which  is  inactive.  Then 
when  the  intake  valve  of  the  previously  inactive  cylinder 
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opens,  the  sudden  inrush  of  air  draws  in  not  only  the  fuel 
brought  there  by  the  previous  air  charge  to  this  same 
cylinder  but  also  the  fuel  deposited  at  the  mouth  of  this 
individual  passage  by  the  suction  of  the  neighboring 
cylinder.  I  think  this  is  v^hy  we  usually  find  that  when 
the  timing  and  design  are  such  that  two  cylinders  follow 
each  other  at  unequal  intervals  in  drawing  from  the  same 
valve  pocket,  the  one  following  the  longer  interval 
usually  gets  the  richer  mixture;  of  course,  under  the 
conditions  of  low  velocity  previously  described.  I  would 
not  say  that  the  fuel  literally  drops  down  to  the  bottom 
of  the  manifold  and  forms  a  pool,  because  it  does  not  al- 
ways have  time  to  do  so;  but  it  does  stop  moving,  which 
gives,  to  a  certain  extent,  a  similar  effect.  A  window 
in  the  intake  manifold  shows  a  rapid  flicker  of  the  atom- 
ized fuel,  changing  its  direction  back  and  forth,  even 
when  the  walls  of  the  manifold  are  dry. 

I  would  like  to  be  able  to  evolve  a  few  rules  by  which 
an  efficient  intake  manifold  design  could  be  made.  But 
the  problem  is  so  complicated  and  the  individual  require- 
ments of  design  so  varied,  that  this  is  practically  impos- 
sible. The  only  definite  recommendation  I  can  make  is 
that  before  proceeding  with  the  actual  construction  of 
an  engine  it  would  be  well  worth  while  to  have  a  pattern- 
maker construct  a  wooden  model  of  the  contemplated 
manifold  to  scale  and  in  the  exact  position  that  the  fin- 
ished manifold  will  occupy,  and  then  discharge  a  mixture 
of  air  and  water  through  it  and  notice  the  action,  with 
the  cylinder  ports  opening  in  the  order  of  firing.  Much 
can  be  learned  about  the  distribution  by  turning  on  the 
air  in  spurts  of  a  second  at  a  time  as  the  valve  ports 
open  in  succession.  It  will  usually  be  found  that  there 
is  a  slight  delay  before  any  liquid  fuel  discharges  from 
the  ports,  and  the  cylinders  which  are  getting  the  richest 
fuel  charge  will  respond  most  quickly  and  in  the  greatest 
volume.  A  great  deal  can  also  be  told  about  the  flow  of 
the  fuel  by  the  manner  in  which  it  comes  out  of  the  port, 
whether  at  one  side,  the  top  or  the  bottom,  or  evenly  dis- 
tributed throughout  the  air  column. 

There  are  a  few  points  of  design  which  seem  to  apply 
more  or  less  universally  and  may  be  worthy  of  enumera- 
tion here. 

(1)  When  the  design  permits,  no  two  valves  should  fol- 
low each  other  in  the  same  pocket,  unless  they  op- 
erate at  equally  spaced  intervals  of  engine  rotation 
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(2)  The  distance  from  a  tee  or  point  of  division  to  each 
valve  should  as  nearly  as  possible  be  the  same. 
More  important  and  less  difficult  to  obtain,  the 
angle  of  bend  and  amount  of  vertical  rise  should 
also  be  approximately  the  same.  It  is  very  bad  to 
feed  some  cylinders  out  of  the  top  of  a  manifold 
passage  and  others  from  a  gradual  rise  at  the  ends 

(3)  Avoid  any  sudden  enlargements,  particularly  in  the 
vertical  rise 

(4)  Make  the  bends  of  as  large  a  radius  as  possible. 
The  total  resistance  of  the  manifold  to  air-flow  is 
the  sum  of  the  bend  resistance  and  the  straight  pas- 
sage resistance,  and  by  easing  up  at  the  bends  it  is 
frequently  possible  to  use  a  smaller  diameter  and 
higher  velocity  throughout,  without  decreasing  the 
maximum  power  capacity 

(5)  Most  important  of  all  is  the  proper  application  of 
heat,  to  be  discussed  more  fully  in  later  para- 
graphs 

The  actual  sizes  will  depend,  of  course,  upon  the  intake 
velocities  used,  and  these  are  contingent  upon  the  heating. 
For  the  present-day  motor-car  engine,  which  is  expected 
to  operate  on  a  range  of  full  throttle  of  ten  to  one,  I 
would  msJce  the  intake  manifold  velocity  not  less  than 
250  ft.  per  sec.  at  the  maximum  normal  operating  speed, 
and  I  would  try  one  with  300  ft.  per  sec.  If  a  properly 
designed  hot-spot  is  used,  it  may  be  practical  to  decrease 
this  velocity  to  190  or  200  ft.  per  sec.  without  any  loss  in 
efficiency  at  low-speed  pulling. 

It  will  be  noted  that  it  is  often  very  difficult  to  conform 
with  these  requirements,  when  the  intake  manifold  is  cast 
integrally  in  the  cylinder  block.  With  the  grade  of  fuel 
available  some  years  ago,  inequalities  in  distribution 
could  be  compensated  for  by  the  rise  in  manifold  tem- 
perature due  to  the  water-jacket,  but  now  the  water  tem- 
peratures are  no  longer  adequate  and  the  concessions 
which  it  is  necessary  to  make  to  foundry  practice  nearly 
always  prove  seriously  detrimental  to  the  operation  of 
the  engine.  There  are  a  few  engines  whose  performance 
proves  that  it  is  possible  to  secure  a  fair  distribution 
with  an  "enbloc"  manifold,  but  I  am  sure  that  in  every 
case  the  performance  would  be  even  better  if  the  mani- 
fold were  properly  built  outside. 

One  thing  which  I  shall  personally  avoid  is  spiral  bends 
or  ramshom  shapes,  not  because  some  of  them  have  not 
been  known  to  work  well,  because  they  very  definitely 
have,  but  rather  because  of  the  difficulty  of  knowing  in 
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advance  how  they  are  going  to  work.  The  effects  of 
gravity  and  of  centrifugal  force  may  either  oppose  each 
other  or  combine,  according  to  the  speed.  In  several 
cases  we  have  spoiled  the  action  of  the  engine  to  an  extent 
almost  unbelievable  by  the  use  of  an  improperly  shaped 
spiral  bend,  and  in  one  case  we  remedied  the  trouble  by 
an  alteration  so  slight  as  to  be  hardly  noticeable.  In 
fact,  it  was  a  change  which  had  to  be  shown  rather  by 
a  model  than  a  drawing.  I  also  prefer  to  make  the  mani- 
fold as  nearly  as  possible  in  one  plane,  which  permits  a 
model  to  be  made  with  one  side  of  glass  and  usually 
works  out  to  a  neat  appearance  when  finished. 

One  point  to  be  taken  into  account  is  the  effect  of  hav- 
ing the  throttle,  if  of  the  ordinary  butterfly  type,  near 
a  point  of  division.  Care  should  be  taken  that  the  throttle 
in  a  partly  open  position  does  not  deflect  too  much  of  the 
liquid  fuel  stream  into  one  part  of  the  manifold.  Unless 
the  point  of  division  or  tee  is  plain  in  shape  and  well 
heated,  the  throttle  ought  to  be  at  least  4  in.  below  the 
tee;  it  is  even  preferable  to  have  the  throttle  crosswise 
of  the  tee.  We  have  nearly  always  had  trouble  when  the 
tee  bend  had  a  deflecting  corner  in  the  center,  what  I 
might  most  easily  describe  as  a  Y-bend. 


Appucation  op  Heat 

The  proper  application  of  heat  is  diflicult  under  ordi- 
narily accepted  limitations,  because  of  the  great  range  in 
temperature  variation  in  the  many  different  conditions 
under  which  an  engine  is  operated.  All  of  you  know  the 
great  variation  in  water  temperature  encountered  on  a 
single  spring  or  fall  day ;  and  the  heat  of  the  exhaust  at 
any  given  point  can  vary  more  than  500  per  cent,  between 
closed-throttle  running  in  winter  and  open-throttle  run- 
ning in  summer.  With  this  variation  in  temperature 
we  have  the  condition  that  a  rise  of  60  deg.  f  ahr.  will  cut 
down  the  density  of  the  air  charge,  and  the  power,  10  per 
cent;  and  a  rise  of  30  deg.  in  the  mixture  temperature  at 
low  air  velocities  may  make  all  the  difference  between 
perfect  operation  and  continuous  trouble.  This  sensitive- 
ness to  temperature  change  on  the  part  of  the  fuel  sys- 
tem, in  conjunction  with  the  very  great  temperature 
change  encountered  in  the  engine,  is,  I  think,  the  reason 
so  little  progress  has  been  made  in  the  application  of  beat 
to  our  fuel  systems  in  the  last  few  years. 
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The  different  ways  of  applying  heat  may  be  enumerated 
as  follows: 

(1)  Heating  the  fuel  before  it  issues  from  the  carbu- 
reter nozzle 

(2)  Heating  the  air  charge 

(3)  Heating  the  intake  manifold  walls 

As  to  the  first  we  definitely  and  positively  advise 
against  any  attempt  to  heat  the  fuel  in  the  float  bowl  of 
the  carbureter,  because  fuels  in  many  sections  of  this 
country  contain  a  small  percentage  of  very  volatile  ele- 
ments, casing-head  gasolines  being  a  sample.  The 
amount  of  heat  that  is  necessary  in  the  carbureter  to 
handle  the  heavier  elements  will  make  these  light  ele- 
ments boil  rapidly  in  the  nozzle,  which  totally  upsets  the 
metering  of  the  carbureter,  causes  the  engine  to  backfire 
and  practically  makes  the  car  unusable  until  the  heat 
supply  is  removed. 

Heating  the  air  has  the  disadvantage  that  it  applies 
equally  or  in  greater  measure  to  high-entering  manifold 
velocities,  when  it  is  scarcely  needed,  than  to  low  air 
velocities  when  it  is  most  needed.  This  results  in  there 
being  a  considerable  loss  of  power  at  high  speeds,  if  the 
air  supply  is  sufficiently  heated  to  give  goojd  operation 
at  low  pulling  speeds.  Nevertheless,  preheating  the  air 
to  a  certain  degree  is  advantageous  in  all  except  hot 
summer  weather,  and  I  believe  that  the  present  practice 
of  taking  the  intake  air  from  a  small  heating  chamber 
surrounding  the  exhaust  pipe  is  about  as  effective  as 
necessary  and  can  scarcely  be  improved.  It  is,  of  course, 
necessary  to  provide  a  means  for  disconnecting  the  hot 
air  by  opening  additional  cold-air  vents  in  hot  weather 
or  in  hot  climates;  sAso  in  case  of  the  possible  use  of 
casing-head  gasolines. 

The  third  method  mentioned,  of  heating  the  manifold 
walls,  appears  to  me  to  offer  the  greatest  possibilities, 
because  it  seems  to  work  out  in  practice  that  the  delivery 
of  heat  to  the  fuel  is  most  efficient  when  the  air  velocities 
are  tow,  just  when  this  action  is  needed,  while  at  high 
velocities  the  effect  is  less  marked.  This,  however,  is 
only  true  if  the  design  is  properly  made,  for  there  are 
several  very  important  considerations  which  must  be 
followed.  The  heat  must  be  applied  only  on  a  relatively 
small  area  and  at  points  where  the  fuel  gathers.  It  is 
well  known  that  when  the  atomized  mixture  passes  around 
a  bend  or  through  a  tee,  the  heavy  particles  will  go  to  the 
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outside;  also  that,  after  the  fuel  is  once  condensed,  it 
tends  to  follow  the  laws  of  gravity  and  seek  the  bottom 
of  the  passage.  This  means  that  the  vertical  portion 
above  the  carbureter,  the  outside  of  the  bend  or  tee  and 
possibly  a  small  portion  of  the  bottom  of  the  passage  just 
beyond  the  bend,  are  the  places  to  heat  If  these  walls 
are  heated  to  a  temperature  of  250  deg.  or  higher,  the 
fuel  particles  will  strike  them  and  fly  off  or  fry  off  as  a 
fine  fog  of  smoke  and  remain  in  this  condition  until  the 
mixture  reaches  the  cylinder.  In  order  that  this  tem- 
perature may  be  quicldy  attained  after  starting,  and  in 
cold  weather,  it  is  necessary  to  take  a  considerable  por- 
tion of  the  exhaust  heat.  This  we  have  obtained  by  heavy 
ribs  projecting  into  the  exhaust  passage  and  by  making 
sure  in  all  cases  that  the  exhaust  circulates  through 
these  ribs.  To  keep  from  getting  too  much  heat  in 
summer  under  full  load  with  this  effective  method  of  heat- 
ing, it  is  absolutely  necessary  as  previously  stated  that 
the  heating  area  be  confined  wholly  to  the  places  enumer- 
ated above,  where  the  heavy  fuel  particles  strike.  A  good 
rule  is  1^/^  sq.  in.  of  heating  surface  to  each  50  cu.  in.  of 
piston  displacement.  To  hold  the  fuel  at  this  point  longer 
and  insure  a  more  complete  heating  at  low  temperatures, 
ribs  or  baffles  are  provided  to  obstruct  the  flying  off  of 
the  particles. 

Fig.  2  shows  an  elbow  heated  by  this  method.  The 
carbureter  is  attached  at  the  bottom  and  the  mixture  is 
delivered  horizontally  to  the  intake  manifold  at  the  right, 
while  the  exhaust  comes  in  at  the  top  and  escapes  at  the 
left. 

Fig.  3  shows  the  same  construction  applied  to  the  tee 
of  the  intake  manifold.  The  exhaust  enters  from  the  top 
and  escapes  to  the  rear  through,  an  outlet  which  is  not 
shown.  In  both  these  cases  it  is  advisable  to  make  the 
exhaust  connection  as  short  and  direct  as  possible,  and 
the  larger  the  size  the  better.  However,  the  exhaust 
outlet  can  be  small,  a  %-in.  iron  pipe  being  ample  in  size. 
With  this  size  pipe,  perhaps  on  account  of  the  cooling 
and  the  baffling  effects  of  the  ribs,  the  sound  of  the 
exhaust  escaping  through  this  passage  is  scarcely  notice- 
able. 

Fig.  4  shows  an  attachment  that  is  badly  needed  on 
many  of  the  present-day  motor  trucks.  To  obtain  a  good 
governor  location  and  gravity  feed  to  the  carbureter,  the 
latter  is  frequently  mounted  very  low  with  a  cold  vertical 
section  of  the  intake  passage  1  ft.  or  more  long,  which 
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acts  as  a  natural  condensing  chamber  for  the  fuel.  This 
illustration  shows  a  heating  element,  to  be  located  be- 
tween the  governor  and  the  carbureter,  in  which  the 
exhaust  is  passed  through  a  central  cross-tube  over  which 
the  intake  charge  must  pass  and  upon  which  the  gasoline 
particles  will  strike.  The  axis  of  the  throttle  should  be 
crosswise  to  the  direction  of  the  tubular  passage,  as 
shown,  so  that  at  partial  throttle  openings  the  fuel  will 
be  sure  to  strike  the  heated  surface. 

A  very  important  point  about  the  installation  of  such 
a  device  is  that  the  exhaust  must  actually  reach  the  hot- 
spot.  If  the  piping  from  the  exhaust  manifold  to  this 
point  is  1  ft.  or  more  in  length,  the  natural  resistance 
of  the  line  will  be  high  in  proportion  to  the  main  exhaust 
pipe  and  very  little  exhaust  will  pass  through  it,  with 
the  result   that   it  will  not  heat  up  with  closed-throttle 


Fig.   2— Heating  an  Elbow  _^       ^  OWAUST 

Fig.  3— Heating  a  Tee 

Application  of  Heat  to  an  Engine  Manifold 

operation,  but  only  after  the  engine  has  been  pulling 
hard.  Therefore,  when  the  pipe  to  the  hot-spot  is  neces- 
sarily long  it  should  be  made  as  large  as  possible,  1%  to 
2  in.  in  diameter,  and  protected  from  any  loss  of  heat, 
either  by  wrapping  the  outside  with  asbestos  or  by  put- 
ting an  additional  outer  sheet  metal  or  flexible  tubing 
casing  around  the  outside.  It  will  probably  be  found 
necessary  also  to  restrict  the  main  exhaust  line  by  a  bush- 
ing or  flat  plate  with  a  hole  in  it,  to  about  the  same  size 
so  that  at  least  half  of  the  exhaust  will  pass  to  the  hot- 
spot.  It  is  remarkable  how  very  little  heat  will  pass 
through  a  long  pipe  connected  into  the  exhaust  manifold, 
unless  some  additional  restriction  is  placed  beyond  this 
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exhaust  line  could  be  reduced  to  one-quarter  of  its  area 
without  either  affecting  the  power  or  overheating  the 
engine,  it  is  perfectly  safe  to  make  the  above  restriction 
in  the  main  exhaust  outlet. 

Improved  Operation  Secured 

The  use  of  these  devices  has  improved  extraordinarily 
the  operation  of  a  number  of  cars  upon  which  we  have 
tried  them.  We  have  been  able  to  make  six>cylinder 
engines  warm  up  very  quickly  in  the  coldest  weather.  As 
the  hot-spot  is  so  limited  in  area  it  does  not  heat  the  in- 
take charge  more  than  20  to  30  deg.  fahr.  and  we  have 
actually  had  a  gain  in  power  instead  of  a  loss,  probably 
because  of  better  distribution  and  the  fact  that  it  was 
possible  to  use  lower  manifold  velocities  with  less  reduc- 
tion of  volumetric  efficiency.  The  fuel  economy  is  very 
much  better  indeed,  both  because  the  carbureter  can  be 
adjusted  much  "leaner"  and  because  the  dash-control 
of  the  mixture  is  used  so  little.  Another  reason  the 
economy  is  better  is  that  the  engine  remains  in  better 
condition.  There  is  less  carbon  deposit,  almost  no  spark- 
plug or  ignition  trouble,  and  it  is  no  longer  necessary 
to  change  the  lubricating  oil  every  two  or  three  weeks. 
I  firmly  believe  that  three-fourths  of  the  service  work 
performed  on  passenger  cars  and  motor  trucks  today 
would  be  eliminated  if  their  intake  sy 
along  these  lines. 

I  believe  and  hope  thiat  the  time  i 
service  departments  of  each  respons 
motor-truck  manufacturer  will  develc 
nections  of  the  nature  indicated  to  re] 
of  cars  now  in  service.  After  the  pal 
once  made  the  cost  of  production  is  1( 
tion  could  probably  be  made  in  half 
complete  installation  should  not  cost  < 
know  of  no  other  way  in  which  an  » 
tion,  satisfaction  and  efficient  service 
three  to  four  times  the  price,  and  I 
company  which  first  makes  the  effo] 
warded. 

Oneserious  difficulty  is  often  encou 
cation  of  a  hot-spot  to  present  cars,  t 
ing  exhaust  heat  across  an  engine  w 
and  exhaust  manifold  are  on  opposit 
the  exhaust  pass  through  this  branch 
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it  be  almost  as  large  in  capacity  as  the  main  exhaust  line, 
which  leads  to  expense  and  to  difficulties  in  silencing.  We 
are  making  experiments  as  to  the  amount  of  restriction 
that  can  be  placed  upon  the  exhaust  line  to  force  heat 
across  an  engine  in  this  way»  but  at  present  I  can  only 
say  that  in  every  case  v^here  it  is  possible  to  do  so  the 
carbureter  should  be  placed  on  the  same  side  of  the 
engine  as  the  exhaust  manifold. 

THE    DISCUSSION 

Paul  Kroesing: — Many  engineers  advance  the  theory 
that  when  there  are  too  many  hot-spots  at  the  intake,  the 
pressure  in  the  cylinder  is  reduced. 

Mr.  Mock  : — ^Yes,  if  the  hot-spots  are  too  large.  Sheet 
metal  cannot  possibly  get  too  hot  as  long  as  liquid  is 
on  it. 

G.  W*  Smith  : — ^A  new  device  with  many  little  pockets 
is  being  made  for  the  Nash  engine.  The  light  fuel  goes 
through  and  the  heavy  drops  into  the  pockets  which  are 
heated.  The  heavy  immediately  fries  up  and  joins  the 
light  fuel,  and  every  portion  of  fuel  i?  thus  utilized. 

Chemically  Treated  Fuels 

J.  G.  Zimmerman: — Several  years  ago  it  occurred  to 
us  that  by  treating  fuels  chemically  great  improvements 
could  be  made,  but  this  idea  was  suppressed.  Neverthe- 
less this  process  is  coming  and  the  supply  of  fuels  now 
available  will  soon  be  enlarged  by  chemical  treatment. 
Then  the  study  of  heating  the  manifold  must  be  repeated 
and  changes  made  to  apply  to  the  new  fuels.  Experi- 
ments made  at  Washingtx)n  were  very  satisfactory  in 
spite  of  statements  to  the  contrary  made  by  the  Fuel 
Administration.  With  chemically  treated  fuels  used  in 
the  proper  way,  greater  mileage  can  be  obtained  than 
with  the  highest  grade  of  gasoline  now  produced. 

W.  G.  Gernandt: — ^How  do  such  fuels  work  in  cold 
weather? 

Mr.  Zimmerman: — The  fuels  were  of  summer  grade, 
but  the  treatment  can  without  difficulty  be  controlled  to 
produce  any  desired  fuel.  This  is  a  new  field  that  will 
bear  the  closest  investigation.  A  great  many  devices 
now  necessary  while  using  present-day  fuels  will  be  sup- 
planted. • 

D.  S.  Hatch: — ^Is  there  a  possibility  that  such  fuels 
will  be  put  upon  the  market  commercially? 

Mr.   Zimmerman: — ^Plans   for   the   largest   working 
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plants  are  complete  and  experimental  plants  for  produc- 
ing 2000  gal,  per  day  are  ready  now. 

C.  B.  Page: — Has  the  use  of  steam  really  accomplished 
any  great  effect  or  any  advantage  over  the  hot-spot? 

D.  L.  Arnold: — I  once  had  an  idea  that  steam  would 
be  a  good  thing  and  made  an  experiment  on  a  two-cyl- 
inder engine.  I  put  a  jacket  on  it  and  tried  to  take  all 
the  steam  into  the  engine.  It  did  not  work.  It  reduced 
the  horsepower  from  60  to  45. 


INCREASING  THE  UTILITY  OF  THE 
TRACTOR 

By  Arnold  P  Yerkes* 

The  comparatively  slow  introduction  of  mechanical 
power  for  farm  operations  has  been  a  surprise  and  a 
disappointment  to  many.  It  is  easily  understandable 
why  the  deficient  machines  failed  to  sell  but  not  so 
clear  why  really  efficient  outfits  failed  to  make  greater 
headway.  No  one  can  make  a  thorough  study  of  the 
existing  situation  and  conclude  that  any  or  all  of  the 
reasons  given  are  even  in  a  large  part  responsible  for 
the  slowness  in  adopting  the  tractor  more  generally  on 
the  farms;  it  is  obvious  that  there  are  other  strong 
influences.  Most  of  these  are  connected  with  the  farm 
business  itself  and,  by  considering  the  matter  in  rela- 
tion to  the  individual  farmer  rather  than  farmers  as 
a  class,  these  influences  become  more  clear. 

Farm-tractor  adoption  data  are  then  presented,  the 
statement  being  made  that,  in  addition  to  the  fact  that 
there  is  such  a  plentiful  supply  of  work  animals  that 
universal  adoption  of  mechanical  power  must  await 
their  passing,  three  other  influential  factors  are  neces- 
sary to  bring  about  the  more  general  utilization  of  the 
tractor.    These  factors  are  then  specified  and  discussed. 

The  farmers'  income  is  analyzed,  critical  comment 
upon  the  subject  of  human  versus  mechanical  labor 
being  made.  Changes  in  equipment  and  methods  are 
advocated  and  the  current  efforts  to  increase  tractor 
utilization  are  detailed,  the  conclusion  reached  being 
that  the  farmer  should  be  told  how  to  change  over  from 
a  small  and  inefficient  plant,  wherewith  human  labor  is 
being  wasted,  to  a  larger  and  efficient  food-production 
organization  with  which  he  can  practise  the  same  prin- 
ciples of  quantity  production  that  are  prevalent  in 
large  manufacture  today. 


•International  Harvester  Co.,  Chicago,  111. 
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It  is  now  more  than  15  years  since  the  gasoline  tractor 
was  first  used  in  quantity  for  farm  work.  The  tractor 
is,  therefore,  almost  as  old  as  the  automobile  and  is  really 
older  than  the  motor  truck.  But  in  spite  of  the  fact  that 
several  million  automobiles  are  in  use  and  a  million  or 
more  motor  trucks,  the  number  of  farm  tractors  in  use 
at  the  end  of  1919  will  probably  be  100,000  short  of  the 
half-million  mark. 

This  comparatively  slow  introduction  of  mechanical 
power  for  farm  operations  has  been  a  surprise  and  a 
disappointment  to  many  people.  Numerous  companies 
have  been  organized  to  manufacture  tractors  under  the 
belief  that  the  business  was  sure  to  grow  at  a  tremen- 
dous rate,  and  that  there  would  be  room  for  many  com- 
panies to  manufacture  the  tractors  they  had  been  told 
that  farmers  were  waiting  to  buy,  and  which  they  must 
have  at  once  to  replace  the  expensive  horse.  Company 
after  company  has  become  involved  in  financial  difficul- 
ties because  the  farmers  did  not  take  advantage  of  their 
opportunity  to  relieve  themselves  of  this  burden.  A 
great  many  of  these  early  mechanical  horses  were  rather 
freakish  and  incapable  of  meeting  the  requirements  of 
the  farmer;  but  in  addition  to  the  rather  long  list  of  ma- 
chines of  poor  design  and  construction,  a  few,  even 
among  the  early  makes,  were  sold  in  large  numbers  and 
proved  a  profitable  investment  for  the  farmers. 

It  is  easy  to  understand  why  the  machines  which  were 
deficient  failed  to  sell.  It  is  not  quite  so  clear  why  the 
really  efficient  outfits  failed  to  make  greater  headway. 
Some  have  blamed  the  poor  tractors  and  their  effect 
upon  the  farmers  for  the  slow  progress  made  in  intro- 
ducing those  of  more  satisfactory  design  and  quality. 
Others  have  thought  that  no  really  efficient  tractor  of 
just  the  right  size  and  possessing  sufficient  all-around 
usefulness  had  been  produced.  They  have  professed  to 
see  a  wonderful  and  immediate  market  for  the  tractor 
that  would  fully  meet  the  farmers'  requirements.  Others 
still  believe,  or  profess  to  believe,  that  past  and  present 
tractors  have  been  lacking  in  quality  of  material  and 
workmanship  to  such  an  extent  that  they  failed  to  meet 
the  farmers'  requirements  for  durability,  and  that  what 
is  needed  to  give  the  business  proper  acceleration  and 
increase  sales  is  the  attainment  of  the  highest  possible 
quality,  so  that  the  tractors  will  be  capable  of  working 
steadily  for  several  seasons  on  farms,  without  danger  of 
delays  and  expense  due  to  breakdowns  and  repairs. 
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No  doubt  the  failures  of  tractors  to  succeed  on  some 
farms  has  had  the  effect  of  making  neighboring  farmers 
rather  slow  to  try  one,  but  certainly  this  cause  alone 
has  not  been  either  wholly  or  in  large  part  responsible 
for  the  slow  adoption  of  tractors  during  the  past  several 
years.  It  may  be  true  also  that  some  farmers  are  wait- 
ing for  a  tractor  capable  of  a  wider  variety  of  work  than 
those  now  available,  although  it  is  difficult  to  conceive 
of  a  wider  range  of  usefulness  than  is  claimed  for  some 
machines  now  on  the  market,  but  which  do  not  seem  to 
enjoy  any  greater  rapidity  of  distribution  than  other  ma- 
chines of  more  conservative  design  and  with  a  shorter 
list  of  claimed  accomplishmojits. 

As  to  the  need  of  better  quality  to  increase  sales,  the 
tractor  would  be  in  a  class  by  itself  if  highest  possible 
quality  were  essential  to  secure  its  general  or  extensive 
adoption.  In  almost  every  line  of  manufactured  goods 
there  is  a  wide  range  of  quality,  and  this  variety  exists 
because  the  trade  demands  it.  No  matter  what  the 
article,  there  is  usually  a  choice  of  quality  ranging  from 
the  poorest  to  the  best  for  which  any  demand  exists.  For 
a  few  dollars  a  watch  can  be  purchased  which  will  keep 
time  fairly  well  and  answer  all  practical  purposes.  For 
several  hundred  dollars  one  can  buy  a  Swiss  hand-made 
watch  which  will  not  vary  more  than  a  fraction  of  a 
second  per  month.  There  is  a  demand  for  each  kind, 
but  the  lower-priced  ones  sell  in  the  greatest  numbers. 
This  should  not  be  overlooked,  for  it  holds  true  of  many 
other  things  besides  watches,  not  excepting  tractors. 
Many  men  who  buy  watches  with  high-priced  works, 
and  add  still  further  to  the  cost  by  getting  a  handsome 
case,  will,  when  buying  a  pocketknife,  get  a  compara- 
tively cheap  one,  perhaps  paying  more  attention  to  ap- 
pearance than  to  real  quality,  because  they  have  little 
use  for  a  knife.  But  others  will  spend  a  greater  amount 
for  one  having  blades  of  higher-quality  steel,  because 
they  feel  that  it  pays  them  to  get  a  knife  of  good  qual- 
ity. And  so  with  other  articles,  depending  upon  the 
need  for  their  use.  The  quality  depends,  to  a  large  ex- 
tent, upon  the  amount  one  is  willing  to  pay.  The  tractor 
is  no  exception.  There  is  some  demand  for  a  tractor 
of  highest  possible  quality,  but  there  is  no  more  reason 
for  having  all  tractors  of  this  superlative  quality  than 
for  having  all  watches  Swiss  hand-made,  or  all  jack- 
knives  hand-forged  from  crucible  steel. 
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Farm-Tractor  Adoption  Data 

No  one  can  make  a  thorough  study  of  the  existing 
situation  and  conclude  that  any  or  «J1  of  the  reasons 
mentioned  are  even  in  a  large  part  responsible  for  the 
slowness  in  adopting  the  tractor  more  generally  on  the 
farms.  It  is  obvious  that  there  are  other  strong  in- 
fluences. Most  of  these  are  connected  v^ith  the  farm 
business  itself,  and  by  considering  the  matter  in  the 
light  of  the  individual  farmer  rather  than  of  farmers 
as  a  class,  these  influences  become  more  clear.  Consid- 
ering the  subject  in  its  broader  aspect  and  using  avail- 
able statistics,  one  of  the  strongest  reasons  becomes 
quite  obvious.  There  are  on  farms  in  the  United  States 
between  300,000,000  and  350,000,000  acres  tilled  each 
year.  This  acreage  varies  according  to  market  condi- 
tions and  also  according  to  weather  conditions  during 
working  seasons.  There  are  about  26,000,000  work 
horses  and  mules  on  farms  in  this  country,  or  at  least 
one  work  animal  for  every  14  acres  of  tilled  land.  On 
a  great  many  general  farms  where  horses  are  the  sole 
source  of  power  for  field  work,  only  one  animal  is  kept 
for  every  30  acres  of  tilled  land  and  the  work  is  car- 
ried on  in  a  very  satisfactory  manner.  It  would  thus 
appear  that  there  is  at  present  an  abundance  of  animal 
power  available  for  farm  operations.  In  spite  of  the 
enormous  increase  in  the  number  of  automobiles,  motor 
trucks  and  tractors,  the  total  number  of  horses  has 
shown  no  great  decrease,  although  the  latest  Govern- 
ment figures  show  for  the  first  time  in  several  years  a 
decrease  in  the  number  of  work  animals.  But  the  point 
is  that  these  animals  are  in  the  country  and,  since  the 
average  life  of  a  work  horse  is  about  twelve  years,  at 
least  half  can  be  expected  to  be  still  available  five  or  six 
years  hence,  and  their  colts  will  continue  to  be  raised  in 
large  numbers,  although  in  smaller  numbers  than  pre- 
viously. 

The  price  for  work  horses  has  decreased  gradually 
for  several  years,  owing  to  the  high  cost  of  feed  and 
the  falling  off  in  the  city  demand  for  horses  because 
of  the  increased  use  of  motor  trucks  for  city  hauling. 
Farmers  will  not  kill  off  their  horses  simply  to  buy 
tractors;  neither  will  the  individual  farmer  sacrifice 
his  work  stock  to  buy  a  mechanical  powerplant,  although 
-  he  may  believe  it  might  prove  more  efficient  and  sat- 
isfactory than  horses.     In  addition  to  the  very  impor- 
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tant  fact  that  we  have  such  a  plentiful  supply  of  work 
animals  that  universal  adoption  of  mechanical  power 
must  await  their  passing,  there  are  three  other  influen- 
tial factors  necessary  to  bring  about  the  mpre  general 
utilization  of  the  tractor. 


(1)  A  lower  first  cost,  or  greater  financial  return  for 
farmers,  or  both 

(2)  Perfection  of  machines  and  attachments  for  the 
tractor  and  motor  truck  which  will  permit  their 
use  to  better  advantage  for  some  of  the  work  for 
which  horses  are  still  used,  and  also  reduce  the 
human  labor  required 

(8)  Informing  farmers  how  to  reorganize  and  enlarge 
their  farm  business  by  crop  rotation,  etc.,  to  utilize 
the  tractor  to  advantage  and  also  maintain  soil 
fertility 


Any  suggestion  of  lower  prices  for  tractors  under 
present  conditions  seems  unreasonable,  but  either  these 
must  come  before  tractors  will  be  used  in  really  great 
numbers  or  farmers  as  a  class  must  receive  greater 
returns,  to  make  more  of  them  financially  able  to  pur^ 
chase  tractors  at  present  prices.  The  latter  alternative 
may  not  appear  logical  to  those  who  believe  farmers  as 
a  class  are  able  to  buy  almost  anything.  Such  a  belief  is, 
however,  far  from  being  in  accord  with  actual  facts. 
Many  people  make  the  mistake  of  judging  farmers  as 
a  class.  They  may  have  an  intimate  knowledge  of  a 
few  individual  farmers,  their  financial  circumstances 
and  general  surroundings.  If  they  visit  friends  or  rel- 
atives on  a  farm,  they  are  apt  to  visit  those  who  are 
more  prosperous  than  the  average  and  have  a  home  and 
general  surroundings  conducive  to  such  visits.  All 
farms  are  not  of  this  nature.  A  large  percentage  of 
American  farmers  are  tenants.  Among  these  ten- 
ants many  have  been  hired  men  or  farm  boys,  who 
have  had  little  money  to  begin  farming  and  were  grad- 
ually working  their  way  up.  If  they  have  lived  in  a 
community  a  few  years  and  shown  themselves  honest 
and  industrious,  they  can  often  obtain  a  farm  either 
on  shares  or  for  a  small  cash  rental,  even  though  they 
have  very  little  stock  or  equipment.  Many  retired 
farmers  are  willing  to  advance  money.  They  are  ac- 
custojned   to   increasing   their   powerplants   by   raising 
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colts,  or  by  purchasing  young  colts,  perhaps  working  in 
part  payment  for  them  and  raising  them  as  cheaply  as 
possible  on  pasture  and  roughage  otherwise  of  little 
value.  Many  of  these  tenant  farmers  are  in  no  finan- 
cial position  to  buy  tractors  even  if  desirous  of  so  do- 
ing. It  is  true  that  many  of  them  have  sufficient  credit 
to  buy  a  tractor,  and  the  same  holds  true  of  many  who 
have  passed  through  the  tenant  stage  and  acquired  title 
to  a  farm,  although  under  a  heavy  mortgage.  A  loan 
to  an  honest  and  industrious  man  VTith  a  family  is  al- 
ways reasonably  safe,  and  country  bankers  know  this. 
However,  many  of  these  men  and  their  wives  hesitate 
to  incur  more  indebtedness  until  they  have  paid  off  some 
of  the  mortgage  and  perhaps  obtained  necessities  and 
luxuries  which  they  feel  they  would  rather  have  than  a 
tractor.  In  some  States  nearly  half  the  farmers  are 
renters.  A  large  percentage  have  comparatively  little 
capital  and  are  making,  as  a  rule,  a  very  small  net  in- 
come. Their  available  surplus  can  always  be  used  for 
buying  numerous  articles  for  the  comfort  and  enjoy- 
ment of  their  families,  and  it  is  small  wonder  that 
so  few  of  them  purchase  tractors. 

In  spite  of  all  reports  about  profiteering  on  the  part 
of  the  farmer,  the  returns  on  his  invested  capital  and 
for  the  amount  of  work  he  puts  into  crop  and  stock  pro- 
duction have  been,  as  a  rule,  pitifully  small.  Most  farm- 
ers today  have  begun  with  little  or  nothing  and  have 
gradually  acquired  land,  work  stock  and  other  livestock.  It 
is  an  exception  if  they  have  any  great  sum  of  money  to 
invest  at  any  time;  and,  when  they  do  have  money  to 
spend,  there  are  many  ways  in  which  to  spend  it.  While 
farmers  as  a  class  are  getting  greater  returns  than  was 
formerly  the  case,  they  must  also  pay  much  more  for 
almost  everything  they  need.  They  are  also  living  on 
a  somewhat  higher  plane,  and  naturally  do  not  propose 
to  return  to  former  conditions  simply  to  have  money  to 
Invest  in  some  particular  machine.  It  is  no  longer  con- 
sidered wise  to  keep  children  out  of  school  following 
the  sixth  or  seventh  grade  to  help  with  farm  work,  but 
it  is  more  and  more  common  for  children  to  go  through 
high  school  or  college,  and  this  is  expensive.  The  farm 
lighting  plant,  a  water  system  for  the  farmhouse  and 
numerous  other  improvements  practically  in  the  same 
class  with  the  automobile,  must  be  considered,  so  far 
as  having  the  support  of  the  entire  family  is  concerned. 
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What  must  the  individual  farmer  spend  for  all  his 
numerous  purchases?  Frequently,  figures  are  printed 
which  have  been  compiled  as  to  the  amount  of  money 
represented  by  the  total  crops  produced,  and  which 
farmers  will  have  to  spend.  Most  farmers,  however, 
who  read  such  figures  must  wonder  where  their  share  of 
this  sum  is.  How  much  money  will  a  farmer  be  likely 
to  receive  from  a  corn-belt  farm  of  200  acres,  represent- 
ing a  return  much  above  that  of  the  average  farm? 
Corn  is  the  principal  cash  crop  in  the  corn-belt  and  the 
one  returning  the  most  profit.  Assume  that  of  the  200 
acres,  100  acres  are  in  corn.  The  average  yield  per  acre 
does  not  quite  reach  40  bu.  even  in  the  com  belt,  but  as- 
suming 40  bu.  per  acre,  the  farmer  would  harvest  4000 
bu.  Until  the  war,  com  has  usually  been  about  70  cents 
per  bu.,  but  even  during  the  last  several  years  $1.50  per 
bu.  at  the  farm  is  a  very  high  estimate.  This  gives  a 
gross  return  of  $6,000.  Suppose  the  other  100  acres 
is  divided  between  oats  and  alfalfa.  A  fair  average  for 
the  com  belt  is  50  bu.  of  oats,  and  50  acres  at  this  rate 
would  give  2500  bu.  At  70  cents  per  bu.,*a  liberal  price, 
this  would  be  $1,750.  Fifty  acres  of  alfalfa  with  a  yield 
of  3  tons  per  acre  would  mean  150  tons,  and  at  $10 
per  ton  at  the  farm  would  give  a  gross  return  of  $1,500. 
Figuring  thus  liberally,  a  200-acre  com-belt  farm  could 
not  be  expected  to  produce  more  than  a  gross  return  of 
$9,250.  If  this  were  only  a  net  amount  there  would  be  a 
stronger  demand  for  tractors,  even  at  high  prices.  Un- 
fortunately, heavy  costs  such  as  labor,  interest  or  rent, 
taxes,  seed,  overhead  charges,  etc.,  must  be  deducted. 
A  low  price  for  much  of  the  present  corn-belt  land  would 
be  $200  per  acre.  At  7  per  cent  the  interest  on  the 
land  investment  of  a  200-acre  farm  would  be  $2,800. 
Of  course,  part  of  this  interest  would  probably  be  avail- 
able to  the  farmer,  but  k  large  percentage  of  farms  have 
heavy  mortgages.  It  would  therefore  be  not  at  all  too 
much  to  deduct  $2,000  interest  charge  from  the  gross 
total.  The  work  stock,  according  to  the  common  esti- 
mate, would  require  5  acres  for  each  head.  At  least 
eight  and  perhaps  ten  work  horses  would  be  kept  on  a 
200-acre  farm  today,  but  the  former  number,  at  $125  a 
year,  would  cost  $1,000.  Including  board  and  other  ex- 
penses another  $1,000  will  not  cover  the  cost  of  hired 
labor.     Overhead  costs  on  buildings,  fences,  machinery. 
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marketing  and  numerous  other  items  of  actually  neces- 
sary operating  expense  will  in  almost  every  case  reduce 
the  net  income  to  considerably  below  $2,000.  This  must 
provide  part  of  the  family's  living  expense,  supply  them 
with  clothes,  furnish  the  house  and  provide  whatever 
recreation  and  luxuries  they  are  to  enjoy. 

If  an  absolutely  fair  calculation  is  made,  it  is  evident 
that  a  farm  as  large  as  200  acres  is  not  apt  to  return  a 
sufficient  profit  to  allow  a  farmer  any  great  amount  of 
money  to  invest  in  new  machinery.  The  income  from 
farms  is,  as  a  general  rule,  in  direct  proportion  to  their 
size  for  any  given  type.  On  corn-belt  farms  of  80  to 
160  acres,  the  net  returns  are  very  low  compared  with 
those  from  most  other  kinds  of  business  having  any- 
thing like  an  equal  investment  of  capital.  Numerous 
investigations  have  shown  without  exception  that  the 
net  income  from  farming  is  very  small.  In  spite  of  all 
that  may  be  said  and  believed  regarding  their  enor- 
mous profits,  farmers  appear  to  be  anything  but  satis- 
fied with  conditions  as  they  have  existed  in  the  past  and 
are  found  at  present.  Farmers  show  almost  as  much 
unrest  and  dissatisfaction  today  as  labor  unions  show. 
On  every  hand' they  are  endeavoring  with  more  or  less 
success  to  better  their  conditions  and  obtain  a  more  ade- 
quate return  for  their  labor.  The  Non-Partisan  League 
movement  in  the  Northwest  is  one  evidence  of  this.  The 
forming  of  numerous  cooperative  associations  is  further 
evidence,  and  to  show  the  frame  of  mind  of  many  farm- 
ers, attention  may  be  called  to  the  resolution  recently 
passed  by  the  Indiana  Division  of  the  Farmers'  Educa- 
tional and  Cooperative  Union,  which  called  for  a  re- 
duction of  25  per  cent  in  the  acreage  planted  to  crops 
in  1920.  The  effect  of  carrying  out  such  a  resolution 
would  be  far-reaching,  as  is  obvious.  Nevertheless,  it  is 
quite  likely  that  it  will  be  carried  out  to  a  great  extent. 
At  any  rate,  reports  already  received  as  to  the  acreage 
of  fall-sown  grains  in  Illinois  show  a  very  heavy  de- 
crease, amounting  to  50  per  cent  in  some  counties. 

These  conditions  might  at  first  glance  seem  to  have 
little  relation  to  the  sale  of  tractors,  but  they  do  have 
a  very  strong  influence.  The  farmer  is  in  a  peculiar 
position.  He  can  always  procure  a  fairly  good  living 
from  his  farm.  If  he  and  his  family  are  willing  to 
stint  themselves  somewhat  in  regard  to  articles  which 
must  be  purchased,  they  can  continue  to  exist  even 
though  the  money  returns  from  crops  are  extremely  low. 
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This  fact  has  been  largely  responsible  for  so  many 
fanners  remaining  in  the  business  when  they  were  not 
receiving  an  adequate  return  for  their  labor  and  in- 
vested capital.  It  enables  them  to  reduce  their  tilled 
acreage  and  so  cut  down  their  expense  for  hired  labor 
and  operating  cost,  resulting  in  a  public  shortage  of 
food  supplies,  which  may  still  return  them  fully  as  much 
as  a  larger  crop  at  lower  prices.  While  thousands  of 
farmers  are  in  this  frame  of  mind,  it  is  useless  to  ex- 
pect them  to  buy  tractors.  The  real  solution  of  their 
problem  undoubtedly  lies  in  increasing  rather  than  de- 
creasing their  acreage,  and  in  bringing  about  greater 
returns  for  their  labor  through  the  more  efficient  utili- 
zation of  their  labor  by  large  labor-saving  machines. 
Unfortunately,  this  is  not  being  pointed  out  to  them  to 
any  great  extent. 

It  is  impossible  to  calculate  with  any  degree  of  ac- 
curacy the  probable  market  for  tractors  today,  with- 
out taking  into  consideration  the  economic  problems 
with  which  farmers  are  confronted.  The  changed 
conditions  brought  about  by  the  war  have  affected  the 
farmer  almost  as  much  as  the  business  man.  The  labor 
situation  is  perhaps  even  worse  from  the  farmer's  stand- 
point than  from  that  of  the  industrial  employer. 


Human  Versus  Mechanical  Labor 

In  two  principal  ways,  farmers  attempt  to  free  them- 
selves from  the  hired-help  problem.  One  is  to  cut  down 
the  acreage  being  farmed  and  either  engage  in  dairying 
to  some  extent  or  undertake  the  growing  of  crops  which 
will  provide  employment  for  a  large  number  of  days 
each  year,  can  be  handled  with  little  or  no  extra  help 
and,  because  of  the  large  amount  of  labor  involved,  re- 
turn a  greater  amount  of  money  per  acre  than  crops 
usually  grown  by  machinery.  The  other  solution  is  to 
increase  the  size  of  the  farm  to  permit  utilization  of  the 
largest  and  most  efficient  labor-saving  machinery,  to 
operate  on  a  sufficient  scale  to  permit  paying  wages  on 
a  competitive  basis  with  city  industries  and  to  provide 
enough  work  for  both  men  and  equipment  to  justify  the 
necessary  investment  and  overhead  charges. 

A  number  of  companies  and  corporations  have  been 
formed  within  the  past  few  years  to  carry  on  farming 
on  a  large  and  efficient  scale,  and  this  movement  has 
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doubtless  just  begun.  Most  of  those  engineered  by  ex- 
perienced farmers  seem  to  have  proved  profitable.  Some 
have  involved  the  growing  of  perishable  truck  crops 
and  small  fruits;  others,  general  farming  only.  One  of 
the  largest  and  most  recently  formed  is  reported  to  be 
a  $20,000,000  corporation  to  handle  fruits  only.  This 
organization,  like  most  of  the  others,  expects  to  reduce 
the  overhead  charges  through  buying  supplies  and  equip- 
ment  in  large  lots,  proper  advertising  of  the  product, 
ability  to  handle  the  entire  marketing  problem  in  a  much 
better  manner,  using  tractors  and  other  large  machines 
in  all  field  work.  Their  financial  resources  will  permit 
them  to  buy  an  adequate  supply  of  the  most  modem 
machinery,  and  their  large  acreages  will  fully  justify  it. 
Great  benefits  have  been  predicted  from  these  large 
farming  schemes,  and  there  are  certainly  enough  possi- 
bilities in  them  to  cause  many  more  to  be  undertaken. 
One  of  them  is  of  more  than  usual  interest,  because  it 
was  backed  largely  by  representative  capitalists  and  in- 
augurated as  a  war  measure.  It  was  planned  on  a  mag- 
nificent scale,  and  was  located  on  several  thousand  acres 
of  Indian  land.  This  section  was  recently  stricken  by 
a  drought,  and  the  wheat  crop  was  a  total  failure.  This 
experience  should  give  business  men  a  better  concep- 
tion of  the  risks  involved  in  farming.  It  also  shows 
that  even  though  a  farmer  may  make  money  some  years, 
such  profits  must  make  up  for  the  bad  seasons  which 
occur  too  frequently,  even  in  desirable  farming  regions. 
It  has  often  been  stated  that  there  is  no  such  thing 
as  an  average  farm  and  it  is  just  as  true  that  there  is 
no  such  thing  as  an  average  farmer.  There  are  always 
great  variations  in  the  problems  presented  by  any  two 
farms.  To  classify  them,  the  best  that  can  be  done  is 
to  place  in  a  group  those  that  are  least  dissimilar.  In 
this  great  dissimilarity  of  farms  and  farmers  lies  an- 
other reason  for  the  slow  rate  at  which  tractors  have 
been  bought.  It  does  not  follow  that  because  one  man 
on  a  240-acre  farm  in  the  corn  belt  finds  a  tractor  prof- 
itable, his  neighbor  with  the  sajne  size  farm  will  find  a 
tractor  equally  profitable.  The  crop  rotations  on  the 
two  farms  may  be  quite  different.  One  farmer  may  like 
horses  and  raise  colts  for  sale,  while  the  other  does  not; 
one  may  be  a  good  hand  with  machinery  or  may  have 
a  son  or  hired  man  who  can  operate  a  tractor  satisfac- 
torily, while  the  other  may  not;  one  may  depend  upon 
hired  help,  while  the  other  may  have  boys  of  his  own 
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to  assist  him;  one  may  have  passed  mi<^dle  age  and, 
like  most  elderly  people,  be  rather  averse  to  making  any 
radical  changes  in  his  methods  or  equipment,  while  the 
other  may  be  young,  energetic  and  perfectly  willing  to 
try  something  new;  one  may  have  money  laid  aside 
either  as  the  fruit  of  his  own  labor  or  through  inheri- 
tance, while  the  other  may  be  financially  handicapped; 
and  one  may  have  excellent  credit  with  his  bankers  and 
local  business  men,  while  the  credit  of  the  other  may  be 
poor.  Thousands  of  other  variations  could  be  listed, 
each  one  of  which  actually  exists  in  some  instance.  The 
size  and  t3T)e  of  farm  are  far  from  being  the  only  fac- 
tors which  determine  whether  a  tractor  will  be  practical 
and  whether  it  is  likely  to  be  used. 

Equipment  and  Method  Changes 

Attempting  to  put  a  tractor  on  every  farm  above  a 
certain  acreage  would  be  like  trying  to  sell  a  motor  truck 
or  delivery  car  to  every  comer  grocer  in  our  cities.  In 
Chicago,  there  are  hundreds  of  small  grocers  who  each 
maintain  a  horse  and  wagon  for  hauling  goods  from  the 
wholesale  house  and  delivering  to  customers.  This  does 
not  mean  that  automobile  delivery  is  not  quicker,  cheaper 
and  more  desirable  in  almost  every  way,  but  that  the 
horse  and  wagon  have  in  many  cases  been  owned  for  a 
number  of  years,  are  still  serviceable  and  meeting  the 
requirements.  Even  if  the  storekeeper  desired  to  sell 
his  present  outfit  and  purchase  an  automobile,  he  would 
find  a  very  poor  market  for  either  the  horse  or  wagon; 
hence,  the  new  equipment  would  mean  a  considerable 
investment  increase  and  an  actual  loss  through  the  sac- 
rificing of  serviceable  equipment.  So  long  as  he  sees 
no  probability  of  an  increase  in  his  business  that  the 
horse  and  wagon  would  be  incapable  of  caring  for,  he 
is  not  likely  to  make  a  change.  If  his  profits  were  more 
than  necessary  for  the  living  expenses  of  himself  and 
family  he  would  probably  spend  the  surplus  for  a  pas- 
senger car  rather  than  a  new  delivery  vehicle.  This  is 
simply  human  nature  and  explains  the  enormous  sale 
of  automobiles  to  farmers,  who  do  not  buy  tractors  so 
freely. 

The  farmer  is  not  alone  in  his  inclination  to  con- 
tinue using  equipment  which  has  proved  adequate.  It 
is  nearly  as  difficult  to  sell  new  and  improved  machines 
to  any  other  business  man  or  manufacturer  as  to  the 
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farmer.  It  is  only  in  newly  built  factories  that  th« 
most  improved  machinery  and  equipment  are  found 
throughout.  In  older  factories  one  is  sure  to  find 
machines  and  equipment  that  are  out-of-date  and  less 
efficient  than  other  machines  on  the  market.  Hundreds 
of  instances  might  be  cited  where  large  manufacturers 
are  using  methods  and  equipment  which  are  out-of-date 
and  much  less  efficient  than  later  methods;  but,  so  long 
as  the  old  equipment  continues  fairly  satisfactory,  it  is 
used  because  the  loss  through  sacrificing  it  to  buy  the 
newest  and  most  improved  equipment  will  often  more 
than  offset  the  slightly  greater  labor  cost  in  operating 
the  out-of-date  equipment.  Furthermore,  manufac- 
turers often  take  the  attitude  that  the  newer  and  more 
improved  machinery  will  probably  become  cheaper,  or 
that  further  improvements  may  be  made  that  will  jus- 
tify waiting.  Farmers  are  fully  as  well  justified  in 
taking  this  course.  Most  farmers,  although  they  may 
have  made  a  fairly  large  investment,  are  receiving  such 
small  returns  that  they  cannot  afford  to  risk  a  large 
amount  in  an  experiment.  They  like  to  be  as  nearly 
certain  as  possible  that  any  new  machine  they  buy  will 
return  a  good  profit. 

It  is  but  natural  that  farmers  watch  very  closely  how 
their  neighbors'  tractors  are  working  out.  The  tractor 
manufacturers  should  answer  very  frankly,  to  them- 
selves at  least,  what  has  been  the  result  of  such  obser- 
vations. It  is  true  that  a  high  percentage  of  tractors 
bought  within  the  last  several  years  have  proved  satis- 
factory to  their  users.  Most  owners  will  say  that  the 
machines  have  been  profitable,  but  in  order  to  get  down 
to  actual  facts  it  is  desirable  that  everyone  realize  just 
what  these  machines  are  actually  doing  for  the  men  who 
own  them.  The  farmer  who  is  considering  the  pur- 
chase of  a  tractor  should  not  be  expected  to  take  a  par- 
ticularly optimistic  view  and  see  things  in  a  more  at- 
tractive light  than  the  facts  actually  warrant.  He 
is  rather  critical  of  the  performance  of  the  machines, 
and  the  facts  and  figures  as  to  what  they  have  actually 
been  doing  certainly  do  not  constitute  a  great  incen- 
tive to  hasten  the  farmer's  purchase. 

In  advertising  tractors  and  in  attempting  to  em- 
phasize their  advantages  over  horses,  the  statement  has 
been  made  repeatedly  that  the  farm  horse  works  on  an 
average  only  about  100  days  per  year.  This  was  in- 
tended to  show  that  he  was  inefficient  as  a  source  of 
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farm  power  and  used  only  for  field  work,  while  the 
tractor  could  be  used  for  belt  work  also.  Figures  ob- 
tained from  tractor  owners  as  to  the  number  of  days 
they  use  their  machines  for  different  kinds  of  work  and 
as  to  the  total  number  of  days  the  tractor  could  be  used 
each  year,  disclosed  the  fact  that  the  tractor  was  gen- 
erally used  not  to  exceed  50  days  per  yr.  and  that  on 
many  tjrpes  of  farm  it  was  used  about  half  of  this  time 
at  belt  work.  This  was  almost  incredible  to  many  peo- 
ple and  its  accuracy  was  questioned.  Further  investi- 
gation, however,  showed  that  it  was  too  high  rather  than 
too  low  an  average. 

Efforts  to  Increase  Tractor  Utilization 

Some  manufacturers,  realizing  that  the  tractor  was 
being  used  so  few  days  per  year,  that  its  work  was 
largely  limited  to  plowing  and  belt  work  and  that  horses 
were  doing  harrowing,  disking,  seeding  and  other  opera- 
tions following  plowing,  attempted  to  make  the  tractor 
more  generally  useful.  They  encouraged  its  use  for 
practically  all  kinds .  of  field  operations,  bringing  out 
special  harrows,  disks,  drills,  harvesters  and  other  ma- 
chines to  make  the  tractor  more  suitable  for  these  oper- 
ations. It  was  hoped  that  the  perfecting  of  such 
machines  for  use  with  the  tractor  would  result  in  its 
being  used  a  much  greater  number  of  days  annually. 

Not  many  figures  obtained  within  the  past  year  are 
available'  to  check  up  this  expectation.  Such  as  are 
available,  however,  do  not  indicate  that  the  desired  re- 
sult has  been  accomplished.  L.  A.  Reynoldson  of  the 
office  of  farm  management  of  the  Department  of  Agri- 
culture, visited  141  corn-belt  farms  where  tractors  were 
used  in  the  summer  of  1919,  and  obtained  from  the 
operators  the  number  of  days  the  tractor  had  been  used 
in  the  different  kinds  of  farm  operation  and  also  the 
time  that  horses  had  been  used.  These  data  differed 
slightly  from  most  that  had  been  obtained  previously. 
Instead  of  taking  the  total  number  of  days  on  which  the 
tractor  had  been  used  for  belt  or  field  work,  the  owners 
gave  as  nearly  as  possible  the  number  of  full  days  the 
tractor  had  been  used.  If  a  farmer  used  his  tractor  2 
hr.  of  1  day  each  week  to  grind  feed,  instead  of  report- 
ing the  tractor  used  for  52  days  for  grinding  feed,  the 
figure  would  be  10.4  days.  The  investigation  showed 
that  tractors  on  the  141  farms  visited  were  used  only 
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29  days  each  year  on  the  average.  Horses  kept  by  these 
tractor  owners  decreased,  on  an  average,  two  and  one- 
half  per  farm,  while  the  average  size  of  farm  had  in- 
creased 24  acres.  The  horses  remaining  on  these  farms 
were  used  an  average  of  78  days  per  year.  For  the  aver- 
age farm,  565  days  of  horse  labor  was  distributed  among 
the  various  operations  in  order  of  their  importance, 
rated  on  the  number  of  days'  labor  involved,  as  follows: 


Days 

Harvesting  com  100 

Com  cultivating  84 

Disking,  harrowing,  etc.  71 

Road  hauling  63 

Hauling  manure  48 

Threshing  44 

Plowing  33 

Haying  29 

Drilling  25 

Cutting  grain  24 

Com  planting  16 

Miscellaneous  28 

The  neighbors  of  these  tractor  owners  would  not  re- 
ceive much  encouragement  from  such  tractor  perform- 
ance unless  their  owners  were  getting  much  better  yields 
than  farmers  using  horses,  or  enjoying  a  greater 
profit  by  having  their  crops  planted  and  harvested  in 
season.  These  theoretical  advantages,  however,  are  not 
realized  every  season  and  the  observer  might  not  give 
them  full  benefit  of  their  advantages  along  these  lines. 

Why  do  the  farmers  not  make  better  use  of  their 
tractors?  For  an  outfit  costing  |1,500  and  used  only 
30  days  each  year,  the  interest  charge  alone  would 
be  about  |3  per  day,  and  depreciation,  based  upon  a 
life  of  10  yr.,  would  be  |5  per  day.  One  must  admit 
that  a  farmer  has  much  better  reason  to  put  off  pur- 
chasing a  machine  which  he  can  use  only  30  days  each 
year  than  a  manufacturer  has  for  postponing  the  pur- 
chase of  an  improved  machine  that  he  can  probably  use 
every  day.  The  average  size  of  the  farms  on  which  the 
141  tractors  mentioned  were  used  was  346  acres,  which 
is  considerably  higher  than  the  average  for  the  coun- 
try or  even  for  the  com  belt.  As  would  be  expected, 
the  number  of  days  the  tractors  were  used  annually  in- 
creased almost  directly  with  the  size  of  the  farm.  On 
farms  of  220  acres  and  less,  the  tractors  were  used 
only  about  20  days  on  an  average,  while  on  380  to  700- 
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there  must  be  enough  acreage  to  keep  it  busy  for  a  rea- 
sonable period  each  year.  The  number  of  days  horses  were 
used  for  various  operations  shows  the  need  of  developing 
more  machines  and  attachments  to  make  the  tractor  or 
truck  suitable  for  the  different  kinds  of  work.  For 
some,  the  motor  cultivator  will  undoubtedly  be  used; 
for  others,  the  truck  will  be  more  satisfactory  than 
horses;  for  road  hauling,  hauling  manure  and  probably 
some  of  the  other  work  such  as  haying,  com  harvesting, 
etc.,  the  truck  will  have  its  place. 

Granting  that  the  sale  of  tractors  has  not  been  all 
that  could  be  desired  and  that  this  condition  can  be 
improved  upon,  the  principal  question  is  how  to  over- 
come the  obstacles  which  have  interfered  with  the  de- 
velopment of  the  business,  so  that  the  tractor  will  be 
generally  adopted  for  farm  work.  First,  the  initial 
cost  of  a  tractor  must  be  such  as  to  make  it  practicable 
for  a  business  of  the  magnitude  of  a  large  percentage 
of  farms.  Second,  it  is  obvious  that  what  is  commonly 
termed  intensive  cultivation,  meaning  the  growing  of 
crops  by  hand  methods  on  small  areas,  does  not  tend  to 
increase  the  sale  of  large  machines  of  any  kind,  tractors 
included.  But  extensive  farming,  the  raising  of  crops 
on  a  large  scale  with  a  minimum  of  human  labor  through 
the  use  of  large  labor-saving  machines,  does  tend  to 
encourage  the  use  of  all  kinds  of  improved  equipment, 
including  tractors.  Less  consideration  should  be  given 
to  10-acre  farms  and  more  to  1000-acre  farms;  the  lat- 
ter can  use  tractors  to  advantage;  the  former  cannot. 
The  problem  will  solve  itself  if  things  are  allowed  to 
take  their  own  course,  or  the  solution  can  be  hastened 
by  proper  action.  At  present,  farmers  receive  advice 
on  practically  every  subject  connected  with  farming  ex- 
cept on  the  use  of  labor-saving  machines.  All  kinds  of 
experiments  and  investigations  are  being  carried  on  in 
the  breeding  of  live  stock  and  better  crops ;  likewise,  ex- 
periments in  the  building  up  and  maintenance  of  soil 
fertility  are  being  carried  on  in  great  number.  Such 
detailed  information  can  be  obtained  by  any  farmer 
who  wishes  it,  but  regarding  information  as  to  the  best 
crop  rotation  and  acreage  to  make  use  of  a  tractor  effi- 
ciently, little  is  available. 

It  is  unreasonable  to  expect  each  individual  farmer 
to  be  capable  of  working  out  an  organization  and  crop 
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rotation  for  his  farm  which  should  make  it  possible  and 
practicable  for  him  to  use  a  tractor.  He  is  not  much 
more  likely  to  do  this  than  he  is  to  breed  a  better  variety 
of  wheat  by  hybridizing.  Some  individuals  will  solve 
their  own  problems  of  this  kind.  The  lar^re  percentage 
of  tractor  owners  who  enlarge  their  farms  and  increase 
their  returns  by  a  better  farm  organization  on  an  ex- 
tensive scale  are  ample  proof  of  this.  What  is  needed 
is  to  ascertain  just  exactly  how  these  successful  users 
have  Reorganized,  and  to  pass  this  information  on  to 
other  farmers.  Organizations  are  now  teaching  farm- 
ers how  to  treat  their  hogs  for  cholera,  how  to  fumi- 
gate seed  and  inoculate  soil,  and  are  giving  other  infor- 
mation which  adds  to  general  prosperity.  The  farmer 
should  be  told  how  to  change  over  from  a  small  and 
inefficient  plant  where  human  labor  is  being  wasted,  to  a 
larger  and  efficient  food-production  organization,  on 
which  he  can  practise  the  same  principles  of  quantity 
production  as  are  practised  by  large  manufacturers 
today.  Farming  needs  to  be  put  on  a  quantity  produc- 
tion basis  fully  as  much  as  does  any  other  industry  for 
the  good  of  the  individual  farmer  and  of  the  country  as 
a  whole. 
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FACTORS  INVOLVED  IN  HIGH  AIR- 
PLANE SPEED  AT  GREAT 
ALTITUDES 

By  Commander  H  C  Richardson,*  U  S  N 

The  development  of  the .  supercharger  for  aircraft 
engines  has  led  to  the  possibility  of  hitherto  unheard-of 
speed  pf  transportation.  An  analysis  of  a  definite  case 
is  presented  to  show  the  different  aspects  of  the  prob- 
lem in  a  practical  form,  with  a  view  toward  determin- 
ing what  can  reasonably  be  expected.  An  attempt  is 
also  made  to  arrive  at  a  knowledge  of  the  elements  in- 
volved whose  improvement  will  effect  the  greatest  gain. 
The  supercharger  overcomes  the  deficiency  of  the  or- 
dinary gas  engine's  serious  loss  of  power  at  great  alti- 
tudes, due  to  its  inability  to  obtain  sufficient  oxygen  for 
the  combustion  of  a  normal  charge  of  gas  which,  in  an 
engine  of  conventional  design,  is  essential  to  the  devel- 
opment of  its  maximum  output.  The  required  and 
available  horsepowers  of  the  airplane  itself  are  con- 
sidered mathematically,  airplane  propellers  and  their 
characteristics  are  discussed,  the  climbing  and  flying 
speeds  of  an  airplane  having  a  supercharged  engine  are 
presented  and  the  miscellaneous  factors  involved  are 
enmnerated. 

The  development  of  the  supercharger  for  aircraft  en- 
gines has  led  to  the  possibility  of  hitherto  unheard-of 
speed  of  transportation.  Many  predictions  are  extrava- 
gant, at  least  for  the  present  state  of  the  art,  so  it  is 
attempted  in  the  following  analysis  of  a  definite  case  to 
present  the  different  aspects  of  the  problem  in  practical 
form,  with  a  view  to  determining  what  can  reasonably  be 
expected.  The  attempt  is  also  made  to  arrive  at  a  knowl- 
edge of  those  elements  involved  whose  improvement  will 
effect  the  greatest  gain. 

As  is  well  known,  the  ordinary  gas  engine  suffers  a 
serious  loss  of  power  at  great  altitudes,  due  to  its  in- 
ability to  obtain  sufficient  oxygen  for  the  combustion  of 
a  normal  charge  of  gas  which,  in  an  engine  of  conven- 
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tional  design,  is  essential  to  the  development  of  its  maxi- 
mum output.  The  supercharger  overcomes  this  deficiency 
by  providing  a  fuel  mixture  of  normal  proportions  and 
density,  practically  eliminating  the  loss  of  power  other- 
wise resulting  from  the  rarefied  atmosphere  at  great  alti- 
tudes. To  introduce  exact  corrections  of  the  power  avail- 
able at  different  altitudes  would  require  the  introduction 
of  data  and  refinements  which  are  not  essential  to  this 
'investigation.  It  is  therefore  assumed  that  the  super- 
charger is  already  in  practical  form  and  can  be  applied 
so  as  to  furnish  the  same  power  output,  unaffected  at  at- 
tainable altitudes.  This  requires  also  that  the  reduction 
of  the  heat-dispelling  capacity  of  the  radiating  system  be 
partly  compensated  by  the  low  temperatures  at  great  alti- 
tudes and  partly  by  its  excess  capacity  over  that  usually 
provided  at  sea  level.  Granting  this,  we  may  then  as- 
sume as  a  first  premise  that  the  brake-horsepower  char- 
acteristics based  upon  the  performance  at  sea  level  can 
be  accepted  for  this  investigation  as  applying  at  great 
altitudes.  This  premise  is  substantially  correct,  and  is 
essential  for  the  following  application  to  the  problem. 

Required  and  Available  Horsepower 

Let  us  now  consider  the  airplane  itself.  We  have  first 
to  determine  the  horsepower  required,  and  the  influence 
of  air  density  upon  this  factor;  second,  we  must  deter- 
mine the  horsepower  available.  This  latter  depends  pri- 
marily upon  the  brake-horsepower  characteristics  of  the 
engine  employed,  and  secondarily  upon  the  means  of  ap- 
plying the  engine  power  to  propulsion,  that  is,  to  the  pro- 
pellers. Propulsion  is  the  most  interesting  and  important 
factor,  as  will  be  seen  later. 

The  influence  of  altitude  and  air  density  upon  the 
horsepower  required  is  readily  determined  by  a  brief 
analysis  of  the  fundamental  equations  of  flight.  In  this 
analysis  the  notation  given  at  the  top  of  page  1017  is 
employed. 

D  =  KtASV 

H  =  KkAsV 
L  =  KyASV 

T=:D  +  H 

~KyAS 
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Notation  Employed 

D  =  the  drift 
EHP  =  the  effective  horsepower  required 

H  =  the  head  resistance 
Kh  =  0.003 

ljCar=the  drift  factor  of  the  wing 
Ky  =  tYie  lift  factor  of  the  wing 

L  =  the  lift 

S  =  the  area  of  lifting  surfaces 

8  =  the  parasite  resistance  area 

T  =  the  thrust  in  pounds 

V  =  the  velocity  of  flight  in  miles  per  hour 

W  =  the  weight  of  the  airplane  in  pounds 

A  =  the  air-density  factor 

By  substitution  equation  (1)   becomes 


""  (KySm^^  375A% 

Introducing  the  subscript  o  for  standard  conditions  at 
sea  level,  and  the  subscript  a  for  standard  conditions  at 
the  altitude  A,  we  obtain 

EHPo  =  (^^^5,)%  A      375^^%      ,  and 
EH  Pa  —  /  ^    c  \  34   ^^ ' 


Kya/^aSa 


The  variation  between  l^o  and  Wa  at  any  altitude  at 
present  attainable  is  negligible;  they  are  therefore  con- 
sidered equal  as  well  as  the  corresponding  values  of  Kk, 
Kr,  Ky,  S  and  8. 

If  we  therefore  confine  the  comparison  to  a  fixed  angle 
of  attack  we  find  that 

EHP, 


EHPo^^^'      '^"^ 


Vo~\VnJ     ' 


hence 


EHPa Va  ,n\ 
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Equation  (2)  derived  from  the  fundamental  equations, 
is  very  interesting.  Translated,  it  means  that  as  the  air 
density  decreases  the  velocity  required  for  sustentation 
increases  with  the  square  root  of  the  ratio  of  the  air 
density  at  any  altitude  to  the  air  density  at  the  ground. 
What  is  still  more  interesting  is  that  the  effective  horse- 
power required  increases  In  the  same  ratio.  In  other 
words,  the  effective  horsepower  required  increases  in  di- 
rect proportion  to  the  increase  in  speed,  if  the  angle  of 
attcbck  18  unchanged. 

As  the  development  of  equation  (2)  includes  the  total 
effective  horsepower  required  to  overcome  the  combined 
wing  and  parasite  resistances,  it  permits  the  determina- 
tion of  the  effective  horsepower  required  at  any  altitude 
in  a  direct  and  simple  manner,  either  graphically  or  by 
computation.  The  only  data  required  are  the  effective- 
horsepower-required  curve  for  the  airplane  at  sea  level, 
and  the  ratio  of  the  air  density  at  the  required  altitude 
to  the  air  density  at  the  ground.  For  example,  suppose 
that  at  sea  level,  at  a  4-deg.  angle  of  attack,  150  e.hp.  is 
required  at  90  m.p.h.  It  is  required  to  determine  the 
effective  horsepower  and  V  at  an  altitude  where  the  air 
density  is  0.5  that  at  sea  level. 

By  computation, 

4^=2,  hence 

EHPa  =  150  X  v¥ 
=  150  X  1.414 
=  212,  and 

Va  =  90  K  V2 
=  90  X  1.414 
=  127 

Graphically,  the  new  spot  on  the  effective-horsepower 
curve  for  a  4-deg.  angle  of  attack  will  be  found  on  a 
vector  from  the  origin  through  the  original  4-deg.  spot 
at  a  point  distant  from  the  origin  1.414  times  the  dis- 
tance of  the  original  spot,  as  in  Fig.  1. 

The  diagonals  or  vectors  may  be  measured  on  any 
convenient  scale  of  length.  Fig.  2  illustrates  the  effec- 
tive-horsepower curve  of  an  actual  airplane  of  clean 
design  equipped  with  a  400-b.hp.  engine.  At  the  sur- 
face, with  a  propeller  of  75  per  cent  efficiency,  this  plane 
indicates  154  m.p.h.  By  the  use  of  the  supercharger,  if 
the  propeller  efficiency  remains  constant  at  75  per  cent 
and  the  propeller  permitted  the  engine  to  develop  its  full 
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number  of  revolutions  per  minute,  this  plane  should  be 
capable  of  making  171  m.p.h.  at  10,000  ft.,  190  m.p.h.  at 
20,000  ft,  208  m.p.h.  at  30,000  ft.  and  233  m.p.h.  at 
40,000-ft.  altitude. 

No  simple  propeller  is  capable  of  such  performance. 
If  the  engine  develops  its  full  power  at  the  different  alti- 
tudes, the  propeller  working  in  the  rarer  atmosphere  is 
unable  to  absorb  the  horsepower  output  at  the  same 
number  of  revolutions  per  minute  and  further,  the  thrust 
and  the  propeller  efficiency  are  both  affected  by  the 
changes  in  the  air  density  and  the  speed  of  advance  nec- 
essary to  sustentation.  It  therefore  becomes  necessary  to 
adopt  some  device  which  will  permit  the  power  to  be 
absorbed  at  not  more  than  a  certain  maximum  number 
of  revolutions  per  minute  of  the  engine.  Two  methods 
are  available;  one,  already  in  use,  is  the  variable-pitch 
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propeller ;  the  other  requires  the  introduction  of  a  vari- 
able-speed device  or  shift  gears.  Another  device  which 
is  purely  a  subterfuge  is  to  over-propeller  the  airplane 
at  the  ground  surface,  but  this  seriously  handicaps  sur- 
face performance  and  climbing  power. 


Airplane  Propellers 

To  illustrate  the  importance  of  the  propeller  side  of 
the  problem  I  have  chosen  a  definite  propeller  of  the 
variable-pitch  type  for  which  data  are  available.  This 
is  the  one  for  which  data  are  given  in  report  No.  30  on 
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Experimental  Research  on  Air  Propellers,  Part  II  of 
the  Fourth  Annual  Report  of  the  National  Advisory 
Committee  for  Aeronautics,  1919.  These  data  are  based 
upon  investigations  laid  out  by  Dr.  W.  F.  Durand  at 
the  wind  tunnel  at  the  Leland  Stanford  University,  and 
executed  under  the  direct  charge  of  Prof.  E.  P.  Lesley. 
The  characteristics  of  this  propeller  are  given  in  Figs. 
3  and  4.  These  figures  are  based  upon  the  metric 
system,  the  French  unit  of  power  being  about  0.986  of 
our  standard. 
The  brake-horsepower  characteristic  for  the  engine  used 
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in  the  computation  is  plotted  in  Fig.  5,  in  which  are  shown 
the  revolutions  per  minute  and  brake-horsepower  for  both 
the  French  and  United  States  units.  Applying  the  char- 
acteristic to  the  logarithmic  diagrams  of  Fig.  4,  the  per- 
formance for  each  setting  B,  C,  D,  F  and  H,  of  a  10-ft. 
variable-pitch  propeller  has  been  determined  for  differ- 
ent altitudes  and  velocities  of  advance.  The  results  are 
presented  in  Table  1.  All  the  data  given  in  the  table 
have  been  graphically  determined  and  are  subject  to  the 
errors  of  such  a  method.  The  resultant  data  are  rea- 
sonably accurate  and  consistent.  Their  analyses  show 
the  results  to  be  expected  from  the  use  of  this  type  of 
propeller  in  conjunction  with  an  engine  equipped  with 
a  supercharger.  So  many  variables  aVe  involved  that  it 
is  difficult  to  arrive  at  a  comprehensive  plot. 

Fig.  6  is  based  upon  the  altitude  in  meters,  showing 
the  effective  horsepower  available  for  each  setting,  with 
a  variation  in  the  speed  of  advance  of  100,  150,  200  and 
300  km.  per  hour.  It  gives  a  direct  insight  to  the  in- 
fluence of  altitude  and  speed  of  advance  upon  the  per- 
formance of  the  engine  as  restricted  by  the  propeller 
action.  The  revolutions  per  minute  and  efficiency  are 
indicated  for  each  spot.  It  is  interesting  to  trace  their 
variations.  From  the  plots  of  Fig.  6  cross  curves  are 
taken  and  shown  on  Fig.  2.  From  an  inspection  of  the 
curves  of  Figs.  2  and  6  it  appears,  as  was  to  be  ex- 
pected, that  the  propeller  can  only  absorb  the  horsepower 
developed  by  speeding  up  in  the  thinner  atmosphere,  or 
by  being  twisted  so  that  its  pitch  is  increased. 

It  is  regretted  that  the  Durand  data  do  not  permit 
the  graphical  application  beyond  a  speed  of  300  km.  per 
hour,  although  even  in  this  range  it  appears  that  the 
normal  form  of  the  propeller  develops  increased  power 
up  to  about  170  m.p.h.,  but  it  does  so  by  permitting  the 
engine,  whose  normal  speed  is  1800  r.p.m.,  to  run  up  to 
2100  r.p.m.  Even  the  C  setting  runs  it  up  to  2000  r.p.m. 
at  this  speed  of  advance.  The  higher  pitches  help  to  hold 
down  the  number  of  revolutions  per  minute  as  the  speed 
of  advance  and  the  altitude  increase.  The  F  setting 
permits  191  m.p.h.  to  be  obtained  at  1540  r.p.m.,  but  the 
reduced  number  of  revolutions  per  minute,  together  with 
the  decreased  efficiency,  reduce  the  effective  horsepower 
to  285  at  30,000-ft.  altitude.  Beyond  this  point,  although 
the  number  of  revolutions  per  minute  rises  rapidly  the 
efficiency  falls  rapidly,  so  that  the  maximum  effective 
horsepower  available  is  soon  attained.     An  interesting 
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interpretation  of  these  conditions  is  that  the  variable- 
pitch  propeller  can  be  used  as  a  governor  on  wide-open 
throttle  to  keep  the  engine  speed  from  becoming  exces- 
sive and  that,  to  obtain  the  best  results,  departures  from 
the  normal  forms  should  only  be  made  for  this  purpose. 

Climbing  and  Flying  Speeds 

A  remarkable  indication  in  this  respect  is  that  the 
climbing  rate  with  a  supercharged  engine,  on  an  air- 
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plane  of  the  type  chosen  for  illustration,  should  improve 
with  altitude.  This  is  indicated  by  the  reserve  horse- 
power shown  at  the  points  A  and  B,  Thus,  at  A  the  re- 
serve power  is  about  182  hp.,  and  at  B  it  is  218  hp.,  or 
a  20  per  cent  gain  in  the  rate  of  elevation,  while  the  best 
speed  for  climbing  increases  from  84  to  130  m.p.h.  An- 
other interesting  indication  is  that,  with  the  propeller 
selected,  the  maximum  speed  at  the  ground  surface 
should  be  about  150  m.p.h.,  while  at  30,000-ft.  altitude 
this  speed  should  increase  to  more  than  200  m.p.h. 

The  suggestion  of  variable-speed  gearing,  or  shift 
gearing  to  hold  the  normal  form  of  blade  to  a  proper 
V/ND  ratio  while  still  absorbing  full  engine  power,  nat- 
urally develops.  Particularly  when  we  note  that  even  at- 
186  m.p.h.  all  settings  of  the  variable-pitch  propeller 
have  passed  their  peaks  of  efficiency.  By  the  adoption 
of  these  means,  such  an  airplane  as  was  assumed  in  the 
example  might  make  260  m.p.h.  at  about  50,000-ft.  alti- 
tude. Travelling  east  at  30,000-ft.  altitude,  there  is 
stated  to  be  an  average  wind  of  over  100  m.p.h.  We  may 
thus  reasonably  predict  350  m.p.h.  at  an  altitude  of 
50,000  ft.,  which  would  make  the  distance  from  New 
York  to  London  or  Paris  a  10-hr.  trip. 

Miscellaneous  Factors 

Let  us  now  consider  a  few  other  factors.  In  such  thin 
atmosphere  the  effects  of  disturbance  upon  the  airplane 
are  greatly  augmented  and  the  finest  type  of  instru- 
ments adjusted  to  work  at  low  temperatures  and  pres- 
sures must  be  used.  The  ordinary  magnetic  compass 
goes  wild  if  turning  is  present  and  loses  accuracy  if  the 
plane  is  inclined.  The  inclinometer  also  fails  to  indi- 
cate true  levels  when  turning  and,  as  at^such  altitudes 
the  surface  is  indistinct  or  often  obscured  by  clouds, 
surface  indications  can  no  longer  be  depended  upon  to 
determine  the  true  altitude  of  the  plane  and  drift  obser- 
vation of  the  surface,  to  determine  whether  or  not  the 
true  course  is  being  followed,  becomes  almost  imprac- 
ticable. 

The  following  instrument  equipment  is  indicated  as 
being  necessary: 

A  turning  indicator  with  positive  action 
A  highly  sensitive  compass 
A  sensitive  inclinometer 
A  drift  meter 
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A  radio  compass 

The  usual  instruments   showing  performance  of  the 

power  plant 
Special  oxygen  equipment  and  clothing  for  the  pilot 

and  passengers 
Increased  cooling  capacity  for  t^e  radiating  system 

The  useful  load  will  then  be  reduced  by  the  extra 
equipment,  additional  radiating  capacity,  supercharger 
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gear  and  the  increased  weight  of  a  variable-pitch  pro- 
peller, or  of  change  gears,  if  used.  Further,  not  every- 
one is  fitted  to  exist  and  act  normally  under  the  condi- 
tions that  will  be  encountered. 

Aside  from  the  advantages  to  be  gained  from  the  use 
of  the  supercharger  and  the -variable-pitch  propeller,  as 
outlined,  all  the  advantages  of  a  reduction  in  horsepower 
at  the  surface  by  the  elimination  of  resistance  become 
augmented  at  great  altitudes,  as  indicated  by  the  law  of 
increased  power  required.  An  interesting  point,  almost 
forgotten  in  the  desire  to  demonstrate  possibilities  at 
high  speed,  is  the  modification  of  the  cruising  speed. 
Thus,  at  sea  level,  the  best  cruising  speed  would  be  about 
75  m.p.h. ;  at  30,000-f t.  altitude  it  would  increase  to  130 
m.p.h.  The  effective  horsepower  required  would,  how- 
ever, increase  from  62  to  106,  the  n^t  effect  being  that 
the  cruising  radius  is  substantially  unchanged. 

We  thus  arrive  at  the  conclusions  that  by  increased 
altitude  we  may  expect  a  greatly  increased  speed,  but 
can  hardly  hope  to  increase  the  radius  of  action.  In 
fact,  unless  the  wind  at  great  altitudes  favors  the  direc- 
tion we  desire  to  take,  we  shall  probably  lose  because, 
while  climbing,  we  must  lift  a  load  of  gas  and  oil,  thus  ex- 
pending energy  to  lift  a  weight  that  will  be  consumed  in 
flight,  and  which  will  not  be  available  to  return  the  equiv- 
alent energy  in  descent.  It  is  not  so  remarkable  that  this 
is  true,  for  it  has  already  been  proved  for  the  ordinary 
type  of  engine.  The  reason  is  obvious.  It  is  that  the 
effective  horsepower  required  for  flight  depends  upon 
the  airplane,  and  the  brake  horsepower  required  de- 
pends on  the  airplane's  effective  horsepower  and  the  pro- 
peller efficiency.  Under  these  conditions  the  super- 
charger has  practically  no  influence. 

It  appears  that  the  variable^pitch  propeller  is  princi- 
pally useful  as  a  governor  at  high  speed.  If  it  were  not 
for  limits  to  the  number  of  revolutions  per  minute,  the 
basic  form  of  propeller  carefully  selected  would  give 
greater  effective  horsepower  than  the  modifications 
available  in  the  variable-pitch  propeller.  It  also  appears 
more  than  probable  that  shift  gears  would  permit  a  most 
efficient  combination  for  a  specific  case.  Whether  or  not 
they  should  be  adopted  will  depend  upon  the  possibility 
of  developing  and  applying  such  gears  without  such  an 
increase  of  weight  as  would  make  the  net  result  a  handi- 
cap instead  of  an  asset. 
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THE    DISCUSSION 

Mr.  Sternberg: — ^When  Major  Schroeder  was  up  about 
36,000  ft.  he  lost  consciousness  and  fell.  Are  there  any 
data  on  how  many  seconds  away  from  the  earth  he  was 
when  he  regained  consciousness? 

Commander  H.  C.  Richardson: — He  fell  about  5  miles 
at  the  rate  of  300  m.p.h.,  and  he  became  conscious  at  an 
altitude  of  about  300  ft.,  I  believe,  so  he  must  have  been 
only  a  few  seconds  distant  from  the  earth.  He  managed 
to  pry  his  eyes  open  and  saw  that  the  altimeter  showed 
300  ft.  It  was  of  the  repeating  type.  At  that  time  he 
thought  he  was  up  2300  ft.  But  he  was  able  to  recognize 
his  position  and  put  on  power.  He  climbed  to  about  2800 
ft.  Then  he  concluded  he  might  become  unconscious 
again,  and  so  he  steered  for  clear  country.  In  his  climb 
for  2800  ft.  he  was  able  to  get  away  from  a  field  on 
which  he  did  not  wish  to  land.  He  wished  to  reach  Mc- 
Cook  field,  but  when  he  attained  2800  ft.  he  found  his 
eyes  were  shut.  He  pried  them  open  again  and  was  able 
to  reach  McCook  field  and  make  a  landing  before  he  finally 
collapsed. 

To  give  an  idea  of  what  might  be  endured  by  those 
who  wish  to  go  to  great  altitudes,  I  understand  that  his 
heart  expanded  9  in.  and  that  his  ribs  were  pushed  out 
by  his  heart.  Just  what  other  physical  effects  he  had  I 
am  not  sure.  I  know  that  when  I  saw  Major  Schroeder 
recently  he  was  recovering  fairly  rapidly.  He  had  to 
wear  goggles  but  could  see  and  appeared  to  be  fairly 
normal,  except  that  he  did  not  dare  to  subject  himself 
to  any  unusual  excitement. 

G.  A.  Richardson: — The  use  of  a  variable-pitch  pro- 
peller was  mentioned.  Is  there  any  inherent  weakness  in 
the  use  of  the  propeller  under  the  conditions  that  would 
have  to  be  met  as  compared  with  gearing?  What  is  the 
general  design  of  propellers  in  which  it  is  possible  to 
change  the  pitch?    Have  they  any  mechanical  weakness? 

Commander  Richardson  : — No,  there  is  no  mechanical 
weakness  in  the  variable-pitch  design.  The  design  is 
not  clean  all  the  way  to  the  hub,  as  it  would  be  in  a  good 
propeller,  and  to  introduce  the  variable-pitch  devices  and 
control  the  variable-pitch  while  the  engine  is  in  motion 
there  must  be  additional  weight  over  what  would  be  re- 
quired in  a  normal  propeller.  Also,  when  the  pitch  is 
changed,  the  efficiency  is  somewhat  less  than  given  by  a 
properly-designed  propeller  for  a  specific  condition.    But, 
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as  was  shown  in  the  efficiency  curves,  the  efficiency  holds 
high  and  fairly  uniform  as  the  pitch  is  changed,  pro- 
vided the  velocity  of  advance  is  increased  in  proper 
proportion. 

Chairman  A.  K  Brumbaugh: — Has  anyone  actually 
constructed  such  a  gear  set? 

Ck)MMAND£R  RICHARDSON : — Not  f or  airplane  use.  The 
variable-pitch  propeller  is  now  designed  so  that  it  will 
work  negatively  and  bring  the  airplane  to  a  stop  quickly. 

J.  A.  Anglada: — ^What  are  the  possibilities  of  helicop- 
ters? 

Helicopters 

Commander  Richardson: — The  helicopter  can  be  built 
and  can  probably  carry  a  crew.  It  can  be  divided  into 
several  units,  so  that  the  torque  will  not  cause  difficulties, 
and  it  will  lift  straight  along  the  propeller  axis.  That 
will  not  necessarily  be  vertical.  If  I  were  less  sure  of 
that,  I  would  have  more  faith  in  the  helicopter.  All  that 
it  will  do  is  to  piill  on  the  center  of  gravity  along  the  line 
of  the  propeller  axis.  If  the  problem  of  stability  can  be 
solved,  and  probably  it  can  be  by  the  introduction  of  con- 
trol surfaces  in  the  propeller  blast,  so  that  the  machine 
will  not  roll  over  like  an  umbrella  when  the  wind  hits  it, 
the  helicopter  may  be  possible.  I  understand  that  designs 
have  been  worked  out  both  in  this  country  and  in  France, 
and  each  of  the  two  designs  probably  has  considerable 
merit.  They  amount  to  building  the  helicopter  propeller 
so  large  that  it  is  practically  a  pair  of  airplanes  running 
around  a  vertical  shaft. 

The  other  difficulty  with  a  helicopter,  is  in  regard  to 
what  will  happen  when  the  power  fails.  Most  inventors 
advise  carrying  one  or  two  extra  powerplants.  It  may 
be  possible  to  make  the  helicopter  blades  of  such  a  section 
that  they  can  be  reversed,  so  that  when  the  machine 
starts  to  fall  the  same  result  can  practically  be  brought 
about  that  obtains  with  an  airplane  when  it  goes  into 
gliding,  and  that  the  helicopter's  own  potential  can  be 
used  to  produce  the  propelling  force.  That  will  require 
putting  a  brake  on  the  propeller-shaft.  If  the  gliding 
condition  can  be  produced  with  those  blades,  we  will  get 
closer  to  a  solution  with  the  helicopter;  it  does  not  ap- 
pear impossible.  The  lifting  power  is  certainly  available, 
but  unless  an*  approach  is  made  to  what  really  amounts  to 
a  tentative  airplane,  one  of  the  principal  advantages  that 
the  airplane  has  will  be  lost.    With  a  helicopter,  to  lift 
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1  lb.  a  1-lb.  thrust  must  be  developed.  With  a  good  air- 
plane, only  0.1-lb.  thrust  is  required  to  lift  1  lb.  The 
airplane  itself  converts  the  propeller  thrust  into  a  much 
greater  lift.  When  the  helicopter  meets  these  conditions 
it  will  begin  to  enter  a  possible  field.  The  main  difficulties 
are  its  instability  and  what  will  happen  when  it  must 
descend  without  power. 

Variable-Diameter  Propeller      * 

G.  C.  LoENiNG:-r-Is  there  anything  in  the  variation 
of  the  diameter  of  the  propeller  that  might  aid  in  over- 
coming the  difficulties?  Would  it  be  possible  to  carry 
along  two  propellers  and  vary  their  diameter  by  shifting 
gears,  for  example? 

Commander  Richardson: — That  should  be  a  very  in- 
teresting development.  If  the  diameter  should  be  in- 
creased, the  same  pitch  might  be  retained  and  still  hold 
the  engine  down.  The  propeller  would  again  be  acting  as 
the  governor,  which  is  the  function  which  it  must  perform 
when  great  altitudes  are  attained  and  the  engine  power 
is  maintained.  Sperry  uses  a  device  similar  to  that  in 
the  driving  of  his  electric  generators.  He  has  blades 
which  have  springs  in  them  to  modify  the  propeller  action, 
acting  as  a  windmill  instead  of  a  propeller.  The  springs 
in  the  blades  merely  vary  the  pitch  and  not  the  diameter 
of  the  propeller,  so  that  he  practically  has  a  constant- 
speed  generator  and  can  control  the  voltage  of  the  gen- 
erator at  different  speeds  of  the  airplane.  It  is  not  a 
variable-diameter  propeller.  I  have  never  heard  of  a 
variable-diameter  propeller,  but  it  appears  to  be  a  pos- 
sibility. 

Mr.  Cook: — Does  not  a  propeller  with  a  heavy  pitch 
have  a  tendency  to  chum  the  air  instead  of  pushing  it 
backward? 

Commander  Richardson: — It  does  if  the  machine  is 
not  proceeding  at  the  proper  speed.  That  is,  if  the  pitch 
is  too  high  for  the  speed  of  advance.  The  pitch  of  the 
blade  of  the  propeller  ought  to  be  suited  to  the  speed  of 
advance.  Most  of  the  propellers  work  well  at  a  speed  of 
advance  in  which  the  pitch  speed  is  about  25  per  cent 
greater  than  the  speed  of  advance.  With  a  high-pitch 
propeller,  working  under  those  conditions,  I  think  there 
will  be  no  more  churning  than  with  another  propeller 
working  at  probably  higher  revolutions  and  lower  pitch. 
The  churning  comes  about  when  the  proper  speed  of  ad- 
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vance  relative  to  the  pitch  is  not  secured.  I  refer  to 
geometrical  pitch.  The  pitch  of  a  propeller  is  a  variable 
quantity  which  no  one  can  really  measure. 

C.  D.  LbFbvre  : — What  is  the  cause  of  the  high  velocity 
of  the  wind  at  great  altitudes,  from  west  to  east? 

Commander  Richardson: — I  do  not  know. 

Mr.  LeFbvre  : — Would  the  revolution  of  the  earth  ever 
have  any  effect  on  the  wind  velocity?  If  so,  would  it  not 
cause  a  wind  from  the  east  rather  than  from  the  west? 

Commander  Richardson: — It  would  seem  so,  follow- 
ing the  analogy  of  the  trade  wind.  It  may  be  a  counter- 
trade wind.  The  regular  trade  winds  come  from  the 
northeast.  They  are  blowing  to  the  west;  at  their  ter- 
minus they  become  heated  and  start  back,  and  it  may  be 
that  it  is  a  counter-trade-wind  effect;  but  if  that  were 
the  case  we  would  expect  to  have  a  southerly  component 
wind.  I  understand  that  at  Dayton  the  wind  has  been 
found  coming  from  slightly  north  of  west,  which  seems 
to  disprove  that  idea.  I  understand  that  observations 
have  been  made  at  the  equator,  as  far  north  as  45  deg.  of 
latitude  and  still  farther;  and  that,  in  general,  at  an 
altitude  of  about  30,000  ft.  the  wind  is  still  westerly, 
even  though  at  the  equator  or  up  to  a  latitude  of  45  deg. 
That  makes  the  condition  interesting  and  difficult  to  ac- 
count for,  and  I  have  not  heard  of  any  real  explanation. 
But  as  the  facts  given  us  by  people  who  have  been  there 
are  in  general  accord,  we  must  believe  and  find  the  reason. 

Lieut.  Ralph  S.  Barnaby: — ^Are  there  any  accurate 
data  on  the  horsepower  absorbed  in  pushing  an  airplane 
equipped  with  a  supercharger  through  the  air? 

Commander  Richardson: — I  have  seen  no  such  data. 
The  supercharger  gives  a  somewhat  bulkier  nose  to  the 
machine.  The  horsepower  that  is  absorbed  by  the  super- 
charger itself  apparently  does  not  affect  the  horsepower 
available  from  the  engine,  probably  because  the  amount 
of  supercharging  is  not  controlled  automatically,  but  by 
hand.  The  supercharger  is  used  to  any  degree  that  is 
desired. 

Lieutenant  Barnaby: — From  photographs  of  the  in- 
stallations that  have  been  made,  it  appears  that  the  head 
resistance  is  increased  greatly  by  the  addition  of  the 
supercharger. 

Commander  Richardson: — That  is  very  likely  true. 
All  such  things  must  be  considered.  When  a  super- 
charger and  a  propeller  are  in^ttalled  we  do  not  get  some- 
thing for  nothing,  the  machine  must  carry  that  weight 
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instead  of  gasoline  and,  while  we  may  expect  to  increase 
the  radius  of  action,  the  way  to  get  that  is  to  revise 
the  design  of  the  airplane  rather  than  to  change  the 
design  of  the  engine.  There  is  no  need  to  go  to  great 
altitude  to  obtain  the  radius  of  action.  If  we  wish  to 
arrive  quickly  there  is  an  advantage,  but  with  the  least 
amount  of  gasoline  there  is  no  advantage  in  going  up. 
Besides,  in  going  up  the  gasoline  is  lifted  to  a  great 
altitude  and  its  weight  is  reduced  so  that  it  is  not  avail-  • 
able  to  return  its  value  when  coming  into  the  glide. 

Lieutenant  Barnaby: — If  the  weight  of  the  super- 
charger were  put  into  the  engine,  could  not  sufficient  addi- 
tional power  be  obtained  so  that  all  the  power  needed  for 
the  altitude  would  be  obtained?  For  instance,  the  Curtiss 
triplane  manages  to  climb  h:gh  without  any  supercharger 
because  it  is  a  much  cleaner  design  and  the  engine  prob- 
ably develops  somewhat  more  power.  It  appears  that  by 
putting  the  weight  of  that  supercharger  into  the  engine 
it  would  be  found  that  the  design  had  a  somewhat  higher 
power  on  the  ground  and  that  the  same  effect  would  be 
obtained  at  great  altitude.  ^ 

Commander  Richardson: — The  principal  reason  some 
excellent  results  were  obtained  without  a  supercharger 
in  that  case  is  that  the  plane  was  very  much  over-pro- 
pellered  at  ground  level,  so  that  at  great  altitudes  the 
propeller  did  not  permit  the  engine  to  race,  but  did  permit 
it  to  develop  all  the  power  possible  without  running  at 
an  abnormal  number  of  revolutions  per  minute. 

Lieutenant  Barnaby  : — By  installing  a  variable-pitch 
propeller  without  the  supercharger  on  the  same  airplane, 
they  could  get  the  desired  climb  near  the  ground,  by  re- 
ducing the  pitch,  and  could  then  adjust  the  propeller  so 
that  they  could  increase  the  speed  as  they  went  up. 

Commander  Richardson: — In  his  great-altitude  test 
Major  Schroeder  was  not  attempting  to  attain  the  maxi- 
mum speed  obtainable  but  altitude.  He  was  therefore 
working  at  a  point  on  the  horsepower  curve  where  he 
had  reserve  horsepower  and  he  did  not  meet  the  limit 
until  he  reached  the  maximum  of  his  altitude.  If  he  had 
attempted  to  go  at  higher  speeds  up  there,  he  might  not 
have  done  so  well.  The  supercharger  certainly  would 
have  had  probably  twice  the  brake  horsepower  available 
that  he  had,  because  he  did  not  have  the  density  of 
charge,  and  he  could  not  get  the  horsepower. 

Lieutenant  Barnaby: — He  had  no  way  to  absorb  that 
extra  power  except  by  speeding  up? 
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Commander  Richardson: — That  was  the  only  way. 
Under  those  conditions,  I  believe  that  the  horsepower 
reaches  about  the  1.1  power  of  the  density  ratio. 


MARINE  HEAVY-OIL  ENGINE   INSTAL- 
LATION PRACTICE  AND  DEVELOPMENT 
POSSIBILITIES 

By  Hubert  C  Verhey^ 

The  undisputed  economy  of  the  Diesel-type  engine 
using  heavy  fuel  oil  is  recognized,  as  no  other  power- 
generating  unit  of  today  shows  better  thermal  effi- 
ciency. It  is  the  result  of  the  direct  application  of 
fuel  in  working  cylinders*  Transmission  processes, 
such  as  the  burning  of  fuel  under  a  boiler  to  produce 
a  working  agent  which  must  be  carried  to  the  prime 
mover,  are  less  economical.  The  various  factors  which 
enter  into  a  comparison  between  steam  and  heavy-oil 
installations  are  illustrated. 

The  subject  is  treated  in  a  more  or  less  elementary 
manner.  The  diagrams  and  sketches  are  intended  to 
explain  the  working  principles  of  such  examples  of 
two  and  four-cycle  engrines  as  are  now  in  actual  opera- 
tion in  cargo  ships,  these  being  of  the  single-acting 
type.  Double-acting  and  opposed-piston-type  engines 
have  been  built  and  are  being  tried  out. 

The  working  processes  of  two-cycle  and  four-cycle 
engines  are  illustrated  and  described  in  some  detail, 
inclusive  of  critical  comment.  The  working  scheme  of 
a  four-cycle  single-acting  marine  Diesel  engine,  shown 
diagrammatically,  is  followed  through,  covering  the 
subjects  of  starting  air,  compression,  fuel  oil,  lubricat- 
ing oil,  crankcase  and  fuel-valve  design,  valve  gears 
and  reversing,  fuel  p\imps  and  Diesel-engine-driven 
auxiliaries  on  modern  ships.  A  lengthy  review  of  the 
development  possibilities  for  engines  of  this  type  is 
then  presented  and  a  plea  is  made  that  the  practical 
man  cast  his  lot  in  with  those  who  are  trying  to  make 
our  merchant  marine  permanent. 

The  undisputed  economy  of  the  Diesel-type  engine 
using  heavy  fuel  oil  is  recognized,  as  no  other  power-, 
generating  unit  of  today  shows  better  thermal  efficiency. 
It  is  the  result  of  the  direct  application  of  fuel  in  work- 


^Formerly  head  of  the  Diesel  engine  unit»  Emergency  Fleet  Cor- 
poration, Philadelphia. 
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ing  cylinders,  thereby,  producing  heat  to  do  work  in  the 
engines  in  the  most  direct  way.  Transmission  processes, 
such  as  the  burning  of  fuel  under  a  boiler  to  produce  a 
working  agent  which  must  be  carried  to  the  prime  mover, 
are  less  economical.  The  various  factors  which  enter 
into  a  comparison  between  steam  and  heavy-oil  installa- 
tions are  illustrated  in  Fig.  1. 

Heavy-oil  engines  have  been  developed;  built  and  suc- 
cessfully, operated  in  ships,  while  greater  progress  is  in 
sight  since  America  has  given  attention  to  this  means 


of  propulsion  and  our  manufacturing  companies  having 
previous  experience  with  oil  engines  are  now  engaged  in 
production  of  large-size  engines  for  use  on  board  ships. 
Licensees  of  European  manufacturers  located  in  this 
country  are  in  possession  of  leading  shipyards,  but  none 
of  them  has  been  able  to  produce  heavy-oil  engines  up 
to  this  time,  owing  to  the  pressure  of  war  work. 

To  bring  as  many  individuals  as  possible  in  contact 
with  the  Diesel-engine  situation,  for  the  sake  of  rapid 
advancement,  I  have  treated  the  whole  subject  in  a  more 
or  less  elementary  manner.  The  diagrams  and  sketches 
are  intended  to  explain  the  working  principles  of  such 
types  of  two  and  four-cycle  engines  as  are  now  in  actual 
operation  in  cargo  ships  throughout  the  world,  these  en- 
gines being  of  the  single-acting  type,  notwithstanding 
that  double-acting  and  opposed-piston-type  engines  have 
been  built  and  are  now  being  tried  out. 

Working  Processes  of  Different  Types 

Figs.  2  and  3  illustrate  the  working  process  of  four- 
cycle engines.  Figs.  4,  5  and  6  are  working  diagrams  of 
two-cycle  engines.     In  each  case  the  various  functions 
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Pig.  2 — Working  Process  of  a  Four-Cycle  Bnginb 

during  either  the  upward  or  downward  strokes  are  plainly 
described,  the  dead  centers  are  marked  and  the  free-hand 
curves  shov^n  illustrate  the  increase  or  decrease  of  pres- 
sure during  the  various  periods.  The  valves  or  ports 
necessary  for  any  of  the  systems  are  seen  in  the  diagrams 
showing  the  different  crank  positions,  in  addition  to  the 
t3np<e  of  piston  used.  In  each  case  the  rotary  diagrams 
illustrate  the  various  functions  in  succession,  in  a  direc- 
tion marked  by  the  arrow  and  in  approximate  relation 
to  the  respective  dead-centers. 

In  the  case  of  four-cycle  engines  (Figs.  2  and  3)  during 
the  first  downward  stroke,  pure  atmospheric  air  drawn 
into  the  cylinders  passing  by  the  inlet  valves,  or  air  taken 
from  the  atmosphere  and  forced  into  the  working  cylin- 
der under  moderate  pressure,  either  from  the  top  or  the 
bottom  in  the  case  of  two-cycle  engines  (Figs.  4,  5  and  6), 
is  compressed  during  the  upward  stroke  of  the  piston  to  a 
higher  degree  than  is  the  usual  practice  in  explosion  en- 
gines. A  temperature  of  approximately  1300  to  1400  deg. 
f  ahr.  and  a  corresponding  pressure  of  about  500  lb.  per  Bq. 
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in.  prevails  in  the  working  cylinder  when  the  upper  dead- 
center  is  reached.  At  this  point  the  fuel  oil  is  sprayed 
in,  under  a  pressure  higher  than  the  compression  pres- 
sure, and  immediately  burns  very  gradually,  without  ap- 
preciable rise  in  pressure.  This  is  due  to  the  design  of 
the  fuel  valves,  so  that  the  engine  works  very  smoothly 
and  without  shocks,  because  the  sudden  rise  of  pressure, 
such  as  occurs  in  gasoline  or  other  gas  engines,  is  elim- 
inated and  the  peak  load  is  therefore  better  distributed. 
Much  depends  on  the  timely  injection  of  the  fuel  oil  which 
is  admitted  a  trifle  before  the  upper  dead-center,  and  the 
fuel  valve  remains  open  during  approximately  12  per  cent 
of  the  downward  or  working  stroke.  During  this  time 
expansion  can  take  place  at  any  point  while  the  valve  is 
open,  which  depends  upon  the  engine  load  and  continues 
until  the  exhaust  valve  in  the  cylinder-head  of  four-cycle 
engines  (Fig.  2)  opens,  or  first  the  auxiliary  exhaust  valve 
and  then  the  main  exhaust  valve  opening  after  that  (Fig. 
3)  ;  and  with  two-cycle  engines  until  the  working  piston 
on  its  downward  stroke  uncovers  the  exhaust  ports  at 
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PiQ.    3 — Working    Process    of    a    Four-Cycle    Engine    with 
AuxiLiART  Exhaust  Valvb 
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after,  the  working  process  is  repeal 
of  air  slightly  under  atmospheric  pi 
tion  is  due  to  the  wire-drawing  of  t 
valve  in  the  case  of  four-<;ycle  engii 
With  reference  to  Figs.  2  and  3,  1 
the  application  of  a  so-<;alled  auxi 
arranged  for  by  certain  manufacti 
main  exhaust  valve  from  excessive 
doubt  that  this  arrangement  does  th< 
tion  remains  whether  additional  pa 
merit  to  warrant  this  complication, 
take  care  of  the  proper  velocity  of  t 
that  is  to  say  that  when  as  large  a 
used,  trouble  can  be  avoided,  althouj 
in  any  engine  is  a  factor  of  utmost  c 
valves  must  be  water-cooled  in  add 
cages.  The  smaller  the  valve  the  le 
so  that  two,  instead  of  one  exhaust 
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Fia.  5 — ^Working  Process  op  a  Four-Cyclb  Bnqinb  in  Which  the 
Admission  op  the   Sgavenginq  Air  Is  Controlubd  by  a  Rotary 

Valve 

used,  which  adds  considerably  to  the  life  of  such  valves 
but  complicates  the  valve  gear.  The  use  of  this  auxiliary 
valve  necessitates  a  row  of  ports  at  the  lower  end  of 
the  working  cylinders  and  although  of  less  area  than 
the  exhaust  ports  of  two-cycle  engines,  it  is  questionable 
whether  such  a  construction  is  justified  or  necessary. 
When  applied  to  four-cycle  engines  having  a  partition 
between  the  cylinders  and  the  crankcase,  an  undesirable 
feature  is  dominant.  Owing  to  the  height  of  the  working 
piston,  which  is  of  the  box  tjrpe  and  therefore  should 
preferably  be  made  as  short  as  possible,  the  communica- 
tion space  between  the  cylinder  wall  and  the  valve  detains 
a  certain  volume  of  exhaust  gas  which  is  discharged  into 
the  engine  room  every  fourth  stroke  of  the  engine.  This 
tends  to  spoil  the  atmosphere  and  may  prove  to  have  a 
sickening  effect  upon  the  attendants. 

In  two-cycle  engines  the  scavenging  air  is  admitted 
under  a  pressure  of  5  to  7  lb.  per  sq.  in.,  through  slots 
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Pio.   6 — ^Working  Process  op  a  F 

(Figs.  5  and  6)  located  opposite 
through  valves  in  the  cylinder-head 
Fig.  7  shows  two  types  of  two- 
left  an  ordinary  piston  type,  where  ' 
provided  with  a  common  receiver 
scavenging  pump  of  either  single  o 
sometimes  arranged  in  tandem,  wh 
be  replaced  by  a  rotary  blower  wh 
tached,  or  by  a  detached  reciproc 
ment.  A  further  possibility  is  to 
annular  piston,  attached  to  the  mai 
the  right  in  Fig.  7,  which  eliminatei 
makes  the  engine  that  much  highei 
proved  to  be  liable  to  give  troubh 
owing  to  the  possibility  of  the  blov 
the  working  piston,  which  in  that  k 
carbon  formation  by  mixing  with  I 
the  annular  scavenging  piston.  A 
type  of  piston  is  the  possibility  of  si 
admitting  starting  air  on  top  of  tl: 


Digitized 


by  Google 


MARINE  HEAVY-OIL  ENGINE  PRACTICE  1041 

thus  eliminating  the  extreme  cooling  down  or  chill  of 
the  walls  of  the  working  cylinders,  as  is  the  case  with 
the  ordinary  piston  type  just  discussed,  as  well  as  with 
any  other  type  of  engine  described  in  this  article.  Al- 
though there  is  an  apparent  advantage  in  eliminating  the 
starting  air  from  the  working  cylinders,  no  trouble  has 
been  encountered  in  well-designed  engines,  where  solu- 
tions for  the  right  kind  of  material  to  be  used  are  known. 
Another  means  of  eliminating  the  starting  air  from  the 
working  cylinders  is  to  arrange  the  low-pressure  stages 
of  the  direct-driven  air  compressor  to  turn  the  engine 
over  at  sufficient  speed  to  cause  combustion  of  the  fuel 
oil,  which  is  done  in  certain  designs. 

Glancing  over  the  constructional  features  of  the  two- 
cycle  type  as  shown,  the  most  efficient  scavenging  process 


Fia.   7 — Two  Types  of  Two-Cycle  Encjine 
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can  be  obtained  with  the  arrangement  shown  in  Fig.  4, 
where  air  is  admitted  from  the  top  by  means  of  four 
valves  and  the  exhaust  gases  are  expelled  from  below 
through  a  row  of  ports,  equally  divided  over  the  whole 
circumference  of  the  cylinder  wall,  in  which  case  the 
expansion  during  the  working  stroke  can  be  carried  to 
the  limit  so  that  a  maximum  amount  of  effective  work  is 
maintained.  It  must  be  admitted,  however,  that  the 
cylinder-head  is  more  complicated  than  with  the  types 
shown  in  Figs.  5  and  6,  which  is  a  talking  point  in  favor 
of  engines  having  port  scavenging  only.  Both  types  of 
engine  are  manufactured  with  equal  success,  it  being 
a  question  of  proper  design,  distribution  of  the  material 
and  the  means  of  cooling. 

The  simplest  design,  but  also  the  least  economical,  is 
shown  in  Fig.  5.  It  is  essential  that  the  opening  point 
of  the  exhaust  port  be  before  the  point  of  opening  of  the 
scavenging  slots.  This  lead  is  necessary  to  reduce  the 
pressure  of  the  exhaust  gases  at  the  end  of  the  working 
stroke,  to  permit  scavenging  air  to  enter,  which  does  not 
happen  until  the  pressure  in  the  cylinder  is  practically 
down  to  atmospheric,  having  thus  dropped  from  about 
40  to  50  lb.  per  sq.  in.  to  a  pressure  prevailing  in  the 
exhaust  header.  In  this  way  the  benefit  of  scavenging 
air  entering  at  a  pressure  of  from  4  to  7  lb.  per  sq.  in. 
through  the  scavenging  slots  cannot  be  maintained  at 
the  beginning  of  the  compressing  stroke,  as  the  air  is 
lost  through  the  exhaust  port.  In  this  respect  the  design 
shown  in  Fig.  5  is  far  better,  as  an  additional  row  of 
ports  is  provided  in  direct  communication  with  the  scav- 
enging receiver;  the  admission  of  air  being  controlled 
by  a  double-seated  or  a  rotary  valve,  thus  allowing  the 
compression  stroke  to  start  with  whatever  pressure  is 
available  in  the  scavenging  air  receiver,  which  conse- 
quently improves  the  output  of  the  cylinder.  The  addi- 
tional gear  and  valve  cages  located  inside  of  the  receiver, 
with  the  necessary  doors  for  access,  have  not  giveo 
trouble  in  practice  with  well-designed  engines,  except 
for  the  diffkulty  that  the  exhaust  gases  enter  this  spac^ 
between  the  cylinder  wall  and  the  valve,  causing  carbon 
formation  due  to  the  mixing  with  the  lubricating  oil 
carried  from  the  cylinder  wall  and  thus  necessitating 
cleaning  at  times;  but  this  can  do  no  damage  as  long  a« 
the  valves  are  tight.  The  advantage  of  starting  the 
compression  period  at  a  pressure  above  atmospheric  and 
equal  to  the  receiver  pressure,  is  also  maintained  with 
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the  top-scavenging  type  shown  in  Fig.  4.  The  valves 
used  are  not  apt  to  give  trouble,  as  their  functions  can 
be  compared  with  the  inlet  valves  of  four-cycle  engines, 
which  valves  do  not  invite  trouble  because  their  seats 
are  not  in  direct  contact  with  the  exhaust  gases. 

Workings  of  the  Four-Cycle  Engine 

I  will  now  describe  the  working  scheme  of  a  four-cycle 
single-acting  marine  Diesel  engine  as  shown  diagram- 
matically  in  Fig.  8,  in  connection  with  the  arrangement 
shown  in  the  sketch  of  a  motorship  in  Fig.  9,  each  draw- 
ing practically  covering  the  same  subject.  Fuel  oil, 
which  is  stored  in  the  double-bottom  or  ballast  tanks  of 
the  ship,  is  pumped  to  the  daily  supply  tank,  going 
through  a  manifold  and  being  filtered  before  entering; 
it  then  flows  by  gravity  to  the  suction  chamber  of  the 
fuel  pump  on  the  engine.  As  a  rule  two  daily  supply 
tanks  are  installed,  of  12-hr.  capacity  each,  suflScient  for 
both  engines  in  case  of  a  twin-screw  installation;  this 
gives  the  oil  a  chance  to  settle.  In  addition,  there  is  a 
smaller  tank  holding  a  light  oil  which  is  used  for  starting 
up  in  extreme  cold  weather.  The  oil  is  strained  oa  its 
way  down  before  it  enters  the  engine  fuel  pump. 

Starting  air  is  furnished  by  an  auxiliary  compressor 
shown  in  the  foreground  at  the  right  side  of  Fig.  9.  This 
air  is  stored  in  the  maneuvering  tanks  as  shown  in  Figs. 
8  and  9  and  serves  to  accelerate  the  engine  before  the 
fuel  oil  can  be  admitted  which  puts  the  engine  on  duty. 
The  usual  pressure  of  the  starting  air  does  not  exceed 
350  lb.  per  sq.  in.  for  merchant  marine  work,  although 
high-speed  engines,  such  as  submarine  engines,  require 
higher  pressure  for  the  sake  of  quick  acceleration.  The 
starting-air  valves  shown  in  Fig.  8  serve  to  admit  air 
into  the  working  cylinders,  at  the  upper  dead-center  of 
the  respective  working  pistons  which  are  in  the  right 
position  to  receive  it,  and  turn  the  engine  over  in  either 
direction  desired,  controlled  by  the  reversing  gear. 

Compression  takes  place  in  the  working  cylinders  not 
receiving  starting  air,  creating  the  necessary  heat  for 
combustion,  so  that  when  the  engine  is  sufficiently  accel- 
erated, fuel  oil  can  be  admitted  to  all  cylinders  at  once, 
or  in  sets  if  desired,  as  a  device  is  provided  to  cut  oat 
the  starting  air  as  soon  as  the  fuel  is  turned  on,  or  vice 
versa.  The  handles  shown  in  Fig.  8,  in  front  of  the 
engineer,  control  this  operation  and  at  the  same  time 
make  it  impossible  to  reverse  the  mechanism  unless  the 
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Fio,    9 — Arrangement    op    a    Diesel    Engine   and    Auxiliary 
Apparatus  in  a  Motorship 

fuel  is  cut  off.  Air  from  the  maneuvering  tanks  is  car- 
ried to  the  working  cylinders  by  means  of  a  distributer, 
as  shown  in  front  of  the  operator,  at  the  left  in  Fig.  9, 
having  a  conveniently  located  hand-wheel. 

Fuel  oil  for  the  working  cylinders  is  supplied  by  a 
high-pressure  fuel  pump  driven  from  the  main  engine. 
It  is  discharged  around  the  fuel  needle  and  forced  into 
the  cylinders  by  means  of  high-pressure  air,  the  so-called 
injection  air,  which  is  furnished  by  an  air  compressor 
direct-driven  by  the  main  engine  or  detached  therefrom 
and  independently  driven.  Both  figures  show  this  com- 
pressor in  section  and  elevation  respectively.  Fig.  8  illus- 
trates the  various  features.  As  a  rule,  for  large  engines 
a  three-stage  compressor  is  used.  Air  is  drawn  in  at  the 
low-pressure  stage,  discharged  through  a  cooler  to  the 
intermediate  stage,  and  thence  discharged  again  through 
another  cooler  to  the  high-pressure  stage;  from  there  it 
is  cooled  again  on  its  way  to  the  injection  air  bottle, 
which  is  of  sufficient  volume  to  give  the  air  an  oppor- 
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tunity  to  expand  and  separate  the  moisture  contained 
therein.  Suitable  means  of  draining  this  bottle  at  in- 
tervals are  provided.  The  pipe-line  connection  between 
this  bottle  and  the  fuel  valve  delivers  air  on  top  of  the 
fuel  oil  and  blasts  the  oil  into  the  working  cylinders  the 
moment  the  fuel  needle  opens.  A  study  of  the  dia- 
grammatic assembly  of  valves  in  the  cylinder-heads  in 
Fig.  8  shows  this  feature. 

Pure  air  for  the  main  working  cylinders  is  taken  in 
by  means  of  a  slotted  tube  closed  at  the  upper  end,  and 
passes  the  inlet  valve.  Firing  takes  place  after  this  air 
is  compressed  and  the  exhaust  valve  expels  the  gases 
to  the  exhaust  header  and  from  there  to  the  muffler  as 
illustrated.  It  will  be  understood  that  the  walls  of  the 
compressor,  working  cylinder  and  cylinder  heads,  and 
also  the  exhaust  header  and  the  piston,  must  be  cooled. 
For  this  purpose  a  variable-speed  pump  is  installed,  draw- 
ing water  from  the  sea  through  a  sea-connection  as  shown 
in  the  left  corner  of  Fig.  8,  and  at  the  right  side  of 
Fig.  9.  The  discharge  can  be  regulated  according  to 
temperature  conditions,  and  sometimes  in  tropical  water 
an  outboard  temperature  of  85  deg.  fahr.  must  be  con- 
sidered. The  cooling  water  is  discharged  around  the  air 
coolers  and  in  the  compressor  jacket;  from  there  it  is 
distributed  to  the  working-cylinder  jackets  and  the 
piston-cooling  arrangement.  After  the  water  has  passed 
the  cylinders,  it  flows  through  the  cylinder-head  and 
exhaust-valve  cage  to  the  exhaust  header  and  from  there 
overboard.  The  piston  cooling-water  overflow  usually  is 
discharged  into  the  bilges  and  from  there  pumped  over- 
board. 

The  lubricating  oil  for  the  main  moving  parts  is  as  a 
rule  stored  in  a  sump-tank  located  in  the  double  bottom, 
in  case  a  forced-feed  system  is  used.  I  prefer  such  a 
system  under  all  circumstances,  as  it  is  superior  to  and 
more  reliable  than  a  gravity-feed  system  for  this  par- 
ticular purpose  on  marine  installations.  The  oil  in  this 
case  is  supplied  by  a  variable-speed  pump,  which  can  be 
adjusted  to  suit  prevailing  conditions,  influenced  by  the 
amount  of  oil  required  and  depending  upon  the  tempera- 
ture of  admission  of  such  oil,  which  affects  its  viscosity. 
Enclosing  the  crankcase  allows  the  re-collection  of  the 
lubricating  oil  in  a  drip-pan  under  the  crankshaft;  thence 
it  is  carried  to  a  sump-tank,  located  low  in  the  ship. 
The  last-named  pump  draws  the  oil  from  there,  passing 
it  through  an  oil  cooler  if  necessary,  and  discharges  it 
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into  a  main  header  running  all  along  the  engine  and  hav- 
ing leads  to  every  main  bearing.  As  a  rule  the  oil  enters 
the  upper-bearing  cap  through  a  suitable  groove  which 
has  communication  with  a  vertical  and  horizontal  hole 
in  the  journal,  a  vertical  or  slanted  hole  in  the  crank  web, 
and  a  horizontal  and  vertical  hole  in  the  crankpin.  From 
there  it  enters  a  groove  in  the  connecting-rod  brasses, 
a  hole  in  the  connecting-rod  proper  and  is  thus  distributed 
to  the  crosshead  and  guide.  Necessary  oil  for  the  jour- 
nal and  crankpin  is  properly  distributed  from  these 
grooves. 

The  top  of  the  crankcase  is  provided  with  a  stuffing 
box,  through  which  the  piston-rod  passes.  As  a  rule, 
with  enclosed  engines,  there  is  a  space  between  the  cylin- 
ders and  the  top  of  the  crankcase,  which  in  some  cases 
serves  for  the  removal  of  the  piston.  This  space  also  allows 
foul  gases,  passing  by  the  piston,  to  escape  into  the  atmos- 
phere, thereby  preventing  them  from  mixing  with  the 
lubricating  oil,  of  the  moving  parts.  In  engines  of  the 
ordinary  marine  open  type,  having  no  partition  between 
the  piston  and  the  crankcase,  the  foul  gases  come  in  con- 
tact with  the  lubricating  oil  and  tend  to  form  an  un- 
desirable coating  on  moving  parts  and  surroundings,  and 
also  to  pollute  the  lubricating  oil.  The  working  cylinders 
and  cylinder-heads  are  either  separate  parts  or  cast  in- 
tegrally. For  large  engines,  loose  cylinder  liners  and 
separate  cylinder-heads  are  essential,  although  a  com- 
bination of  the  liner  and  the  cylinder-head  has  been 
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formance  is  practically  the  same,  as  the  difference  in 
actual  fuel  consumption  of  well-designed  engines  is  neg- 
ligible. In  most  cases  a  needle-valve  or  a  poppet  valve  is 
used,  the  first  being  lifted  in  an  upward  direction  to 
admit  the  fuel  and  the  second  moved  downward  to  allow 
the  fuel  to  enter  the  working  cylinder. 

Fuel  oil  is  supplied  by  a  high-pressure  fuel  pump,  dis- 
charged around  the  fuel  needle  and  forced"  into  the  cylin- 
ders by  means  of  high-pressure  air.  The  pressure  of  this 
air  as  a  rule  varies  from  700  to  1200  lb.  per  sq.  in.,  ac- 
cording to  the  load  of  the  engine.  This  air  thoroughly 
mixes  with  the  fuel  oil  which  is  thus  mechanically  broken 
up  into  fine  particles  so  that,  when  oil  and  air  combined 
are  entering  the  working  cylinders,  thorough  combustion 
will  take  place,  because  the  volume  of  oxygen  contained 
in  the  working  cylinder  is  more  than  sufficient  to  com- 
plete the  economical  burning  of  the  fuel.  In  some  cases 
the  lift  of  these  valves  is  controlled  manually  from  the 
engineer's  stand.  This  is  of  advantage  in  case  the  en- 
gine runs  slow,  as  at  that  time  a  tendency  prevails  to 
use  more  fuel  and  injection  air  than  under  normal  con- 
ditions at  full  load,  due  to  the  time  element.  Naturally, 
additional  provision  is  made  to  reduce  the  amount  of 
fuel  supplied,  as  well  as  a  reduction  in  pressure  of  the 
injection  air.  Most  direct  or  indirect-driven  compressors 
are  of  such  volumetric  capacity  that  they  are  able  to  fur- 
nish aix  for  two  engines  at  part  load,  in  the  case  of  twin 
installations,  and  this  is  one  of  Lloyd's  underwriting 
requirements.  In  other  cases  an  auxiliary  compressor 
of  the  same  capacity  as  the  main  compressor  is  installed ; 
it  then  becomes  possible  to  reduce  the  size  of  the  com- 
pressor on  the  engine,  which  is  then  designed  to  take  care 
of  one  engine  only.  The  auxiliary  compressor  in  such 
cases  is  made  to  serve  starting  air  under  normal  circum- 
stances. By  the  so-called  solid-injection  system,  which 
method  tends  to  cheapen  and  simplify  the  engine,  it  is 
possible  to  eliminate  an  air  compressor  entirely  by  inject- 
ing the  fuel  direct  into  the  working  cylinder  under  high 
pressure,  which  adds  about  10  per  cent  to  the  power  of 
the  engine.  This  is  therefore  a  promising  factor,  al- 
though the  opinions  of  engineers  differ  as  to  the  re- 
liability of  such  a  method,  owing  to  the  increased  possi- 
bility of  carbon  formation  and  consequent  smoking  of  the 
engine  in  service,  although  claims  are  made  that  me- 
chanical difficulties  have  been  overcome. 

Fuel  pumps  are  either  of  the  suction-valve  regulation 


Digitized 


by  Google 


MARINE  HEAVY-OIL  ENGINE  PRACTICE  1049 

or  of  the  variable-stroke  type.  In  the  first  case  regula- 
tion is  accomplished  by  by-passing  fuel  oil  from  the  dis- 
charge side  of  the  pump  back  to  the  suction  chamber,  by 
preventing  the  suction  valve  from  coming  down  on  its 
seat  until  such  time  as  the  surplus  oil  is  by-passed;  in 
the  second  case  by  changing  the  stroke  of  the  fuel-pump 
plunger;  in  both  cases  by  mechanical  devices  regulated 
by  hand. 

The  average  design  of  a  marine  heavy-oil  engine  of 
large  size,  say  from  750  hp.  up,  is  of  the  crosshead  type 
and  resembles  ordinary  marine  steam-engine  practice. 
The  advantages  of  the  open-type  marine  reciprocating 
engine  have  been  duplicated,  and  such  practice  is  fol- 
lowed especially  where  a  gravity-feed  lubricating-oil  sys- 
tem is  used  for  the  main  moving  parts  such  as  the  crank- 
shaft, connecting-rods  and  crosshead.  Builders  of  Biarine 
Diesel  engines  have  shown  a  tendency  to  abandon  the 
entirely  open  type  of  engines,  without  sacrificing  acces- 
sibility, enclosing  the  crankcase  totally  with  portable 
doors,  which  allows  the  application  of  a  foroed-feed 
lubricating  system  for  the  moving  parts  and  materially 
increases  the  protection  against  overheating.  In  fact,  it 
is  my  candid  opinion  that  this  is  the  only  safe  way  to 
proceed. 

Modern  motorships  are  equipped  with  electrically- 
driven  auxiliaries,  which  include  all  pumps  and  the  ice 
machine.  Direct  current  for  these  motors  is  furnished  by 
a  suitable  Diesel-engine-driven  generator  set  as  shown 
at  the  extreme  left  of  Fig.  8,  which  as  a  rule  supplies 
current  for  the  ship's  lighting  system,  a  motor-generator 
being  used  to  reduce  the  voltage  from  220  to  110  volts. 
Modern  motor  vessels  also  have  electrically-driven  deck 
machinery  such  as  winches,  windlass  and  steering-gear. 
The  current  for  this  machinery  is  furnished  by  additional 
Diesel-engine-driven  generators,  of  suitable  capacity  to 
handle  cargo.  The  use  of  electric  hoisting  machinery  is 
not  new  in  our  Navy  practice,  but  has  been  used  only 
to  a  minor  extent  on  merchant  vessels  in  America.  Some 
European  vessels  have  a  complete  electric  deck-machinery 
outfit,  able  to  handle  cargo  at  speeds  considered  sufldcient 
for  their  requirements,  but  American  practice  requires 
speedier  cargo  handling,  so  that,  the  desired  horsepower 
increases,  and  more  space  is  needed  in  the  engine  room 
for  suitable  equipment. 

The  heating  system  throughout  the  vessel  is  in  some 
cases  operated  from  a  special  donkey  boiler;  in  other 
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cases  by  means  of  electric  heaters  receiving  current  from 
available  Diesel-engine-driven  generator  sets  in  the  en- 
gine room.    The  latter  practice  seems  the  most  desirable. 

Development  Possibilities 

Regarding  development  possibilities,  it  can  be  frankly 
stated  that  United  States  manufacturers  are  in  as  good  a 
position  to  develop  and  manufacture  heavy-oil  engines  as 
European  companies  that  have  done  the  major  share  in 
developments  as  they  stand  today.  From  my  personal 
experience,  I  can  say  that  the  duplications  of  European 
design  manufactured  in  this  country  have  not  suffered 
the  drawbacks  of  manufacture,  such  as  have  been  experi- 
enced in  Europe.  This  is  due  in  part  to  the  fortunate 
fact  t&at  we  have  practically  started  production  at  a 
point  where  the  foreigners  left  off.  Moreover,  basic  ma- 
terials of  high  quality,  suitable  for  substitutes  for  Euro- 
pean materials,  have  been  available  and  applied  with 
great  success  in  many  cases.  There  is  no  reason  to 
believe  that  we  need  much  longer  depend  upon  the  help 
of  engineers  from  abroad,  as  there  is  talent  in  ofBce  and 
ahop,  even  though  limited,  which  can  be  utilized  for  the 
education  of  others,  including  operating  engineers.  If 
possible,  steps  should  be  taken  by  our  Government,  or 
by  individuals,  to  prepare  to  meet  future  requirements. 

Other  nations  have  a  sufficient  number  of  men  to 
operate  their  present  motorships  because  they  were  the 
first  to  adopt  this  highly  economic  propulsive  power,  but 
they  have  no  surplus.  The  United  States  is  therefore 
no  worse. off  in  the  competitive  field  than  its  rivals  on 
the  sea.  It  is  for  this  reason  that  I  make  an  appeal  to 
the  spirit  of  all  engineers,  ship  owners,  operators  and 
legislators  to  help  to  promote  heavy-oil-engine  develop- 
ment thoroughly  without  delay. 

The  field  for  the  use  of  Diesel-type  engines  on  board 
ship  is  limited  at  present,  but  for  the  propulsion  of  ves- 
sels at  speeds  of  10  to  12  knots  per  hr.,  with  capacities  of 
5000  to  13,000  tons,  the  heavy-oil-engine  installation  will 
be  able  to  hold  its  own  under  all  circumstances,  it  being 
taken  for  granted  that  the  bulk  of  the  world's  trade  is 
carried  in  vessels  of  that  size;  while  the  cruising  radius 
of  oil-engine  vessels  is  unsurpassed.  For  instance,  a  vessel 
equipped  with  about  1500  b.  hp.,  carrying  625  tons  of  fuel 
oil,  can  attain  a  cruising  radius  of  about  20,000  miles  with 
oil  engines  as  compared  with  8400  miles  with  a  steam- 
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turbine  installation,  or  7500  miles  with  a  reciprocating 
steam  installation.  On  long  voyages,  at  moderate  speeds, 
there  are  no  other  installations  that  can  compete,  even  at 
the  present  high  prices  and  the  comparatively  heavy  over- 
all weight.  When  eventually  motorships  compete  with 
each  other,  the  methods  prevailing  to  add  superfluous 
material  for  safety's  sake  will  be  abandoned.  This  will 
not  only  bring  down  the  over-all  weight,  but  also  the  price 
of  installation.  There  has  been  no  need  during  prewar 
conditions  to  pay  close  attention  to  all  this,  as  the  earning 
capacity  of  motor  vessels  was  so  far  superior  to  that  of 
steam  vessels  that  the  present  changes  were  overlooked. 
Increased  use  of  heavy-oil  engines  on  board  ship  will 
naturally  improve  these  drawbacks  and  the  final  result 
will  be  good  if  confidence  reigns  with  sincere  effort. 

The  limited  field  mentioned  for  the  use  of  Diesel-type 
engines  refers  to  the  average  cargo  carrier,  but  when 
passenger  ships  of  greater  tonnage  and  speedier  travel 
are  considered  the  geared-turbine  installation  may  dom- 
inate the  field  for  the  time  being,  even  if  fuel-consump- 
tion figures  are  higher.  Advocates  of  electric  drive  for 
vessels  with  high-speed  turbines  do  not  need  to  fear  real 
competition  from  heavy-oil-engine  installations  as  it  ap- 
pears to  me  at  present.  A  greater  number  of  engine 
units  would  be  needed  to  drive  generators  supplying  cur- 
rent to  motors  attached  to  the  propeller-shaft,  as  Diesel 
engines  have  to  be  made  up  in  smaller  units,  in  addition 
to  the  fact  that  such  units  can  never  be  run  at  speeds 
allowable  for  turbines,  so  that  the  comparative  size  of 
electric  generators  will  not  be  in  favor  of  oil-engine  units. 
Although  it  is  possible  to  design  high-speed  heavy-oil 
engines  running  at  approximately  two  to  three  times 
more  revolutions  per  minute  than  is  customary  when 
applied  to  motors  driving  the  propeller-shafts  direct,  the 
greater  number  of  engine  units  and  consequent  increased 
number  of  working  cylinders  may  prove  to  be  a  detriment, 
not  only  from  a  standpoint  of  upkeep,  but  also  on  account 
of  the  factor  of  first  cost.  In  addition,  a  larger  crew 
would  be  required  in  the  engine  room  to  keep  the  greater 
number  of  parts  in  workable  shape.  However,  attempts 
now  made  by  leading  American  firms  to  introduce  Diesel 
electric  drives  should  be  encouraged  and  investigated  by 
all  means,  so  that  we  may  know  at  the  earliest  possible 
moment  what  the  best  possibilities  are.  Heavy-oil  en- 
gines of  4000  and  5000  b.  hp.  each  can  be  built.  They 
are  preferably  operated  at  moderate  speed  for  the  sake 
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of  propelling  efficiency  and  applied  to  twin-screw  in- 
stallations. I  see  no  reason  for  sacrificing  efficiency  by  in- 
troducing a  transformation  process  such  as  an  electric 
drive,  for  vessels  requiring  from  8000  to  10,000  b.  hp., 
although  there  is  no  doubt  about  the  high  efficiency  of 
the  electrical  apparatus  proper.  The  flexibility  in  opera- 
tion of  heavy-oil  engines  has  proved  reliable  in  well- 
designed  ships.  Attention  is  called  to  the  fact  that  not 
all  designs  have  been  successful  and  that  pioneer  installa- 
tions suffered  from  the  lack  of  knowledge  that  has  been 
acquired  from  experience  with  them.  Heavy-oil  engines 
in  general  should  therefore  be  judged  in  that  light. 
There  was  a  time  when  it  was  not  known  how  to  prop- 
erly distribute  the  material  while  designing,  when  the 
foundry  was  not  able  to  produce  satisfactory  castings, 
such  as  are  turned  out  today,  when  workmanship  of  the 
class  required  for  heavy-oil  engines  was  not  applied  to 
this  prime  mover,  which  created  a  sensation  in  the  early 
days  due  to  its  high  thermal  efficiency.  That  experience 
is  not  lost  and  will  prove  to  be  beneficial  to  the  further 
development  and  use  of  direct  heavy-oil-buming  engines. 
A  combined  effort  to  produce  the  goods  for  the  sake  of  the 
existence  of  our  merchant  marine  should  be  made  and 
given  first  consideration. 

Diesel-type  engines  will  hold  their  own  as  reciprocating 
engines  until  .the  time  arrives  when  gas  turbines  can  be 
built  to  stand  the  prevailing  heat  conditions  and  show 
equal  economy.  Meanwhile  we  should  cooperate  and  en- 
deavor to  at  least  equal  and  possibly  better  the  efforts  of 
rivals  on  the  seas,  for  which  we  have  adequate  facilities. 
Referring  to  the  days  of  Diesel-engine  development  when 
mechanical  solutions  had  been  found  which  embodied  the 
inventor's  ideas  as  nearly  as  possible,  the  fuel  economy 
was  so  far  superior  to  that  of  the  existing  steam  installa- 
tions and  gas  engines  of  that  time  that  a  wide  area  was 
opened  for  the  use  of  Diesel  engines  in  the  stationary 
field.  The  low  price  of  heavy  fuel-oil  was  at  that  time 
an  additional  factor  in  its  favor.  This  condition,  how- 
ever, does  not  prevail  to  such  an  extent  today.  Oil  pro- 
ducers have  kept  an  open  eye  on  the  market  and  raised 
prices  in  accordance  with  the  demand,  which  is  quite 
justified  from  a  business  standpoint;  but  even  under 
these  circumstances  the  low  consumption  of  fuel  oil  in 
Diesel-type  installations  will  put  the  engines  in  demand 
and  prove  their  merit. 

Opponents  of  heavy-oil-engine  installations  claim  that 
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we  are  not  prepared  to  meet  the  demand  for  large  engines 
and  are  always  pointing  to  what  other  countries  have 
done  or  are  doing.  This  is  quite  right,  but  at  the  same 
time  it  carries  the  germ  of  a  lack  of  confidence  in  our 
own  production  abilities.  A  visit  to  shops  where  success- 
ful engines  have  been  produced  in  smaller  sizes  than  are 
now  sought,  and  where  suitable  sizes  are  now  under  con- 
struction, would  clearly  show  that  our  products  are  of 
sufficient  quality  to  warrant  confidence  for  the  future. 
Another  important  factor,  which  is  overlooked  in  most 
cases  and  particularly  where  the  price  and  weight  of 
Diesel  engines  are  commented  upon,  is  that  two-cycle 
engines  have  not  been  able  to  make  as  much  of  a  showing 
as  have  four-cycle  engines,  owing  to  the  fact  that  greater 
difficulties  have  been  encountered  in  their  production. 
Today,  however,  we  know  of  two-cycle  engines  which 
are  reliable  and  make  good  records. 

It  should  be  remembered  that  by  using  two-cycle  en- 
gines we  are  able  to  put  75  per  cent  more  power  within 
the  same  space,  at  the  same  number  of  revolutions  per 
minute  and  using  the  same  size  of  crankshaft,  with  a 
corresponding  reduction  of  weight  per  horsepower;  also, 
when  two-cycle  engines  are  s^bstituted  for  four-cycle 
of  the  same  power,  that  the  length  of  the  engines  is  de- 
creased an  average  of  12  per  cent,  which  also  results  in 
weight  reduction.  In  some  cases  where  six-cylinder  en- 
gines are  used,  it  would  be  perfectly  practicable  to  use 
a  four-cylinder  engine,  which  would  result  in  a  saving 
of  length  of  approximately  25  per  cent. 

In  an  attempt  to  introduce  the  Diesel  engine  electric 
drive,  it  should  be  borne  in  mind  that  we  are  increasing 
the  most  difficult  factor  in  oil-engine  design;  that  is, 
high-speed  engines  necessary  for  this  work  never  show 
the  permanent  reliability  that  can  be  obtained  with  mod- 
erate-speed engines.  Although  it  must  be  admitted  that 
the  weights  of  high-speed  engines  compare  very  favorably 
with  those  of  moderate-speed  engines  and  therefore  make 
the  proposition  tempting,  we  are  thus  entering  a  new 
development  which  may  delay  the  use  of  economical 
power  for  our  fleet  at  present.  The  tendency  to  refer  to 
work  performed  by  Diesel  engines  in  submarines,  for 
instance,  does  not  warrant  an  attempt  in  that  direction, 
as  it  should  be  realized  that  increased  speed  affects  the 
over-all  efficiency  materially,  in  addition  to  the  greater 
problem  in  overcoming  the  action  of  the  heat  conditions 
in  high-speed  engines,  which  factor  does  not  need  much 
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explanation  to  those  who  have  experience  with  such  de- 
sign. The  most  visible  sol-ution  for  power,  for  cargo 
carriers  at  least,  seems  to  be  to  encourage  builders  of 
moderate-speed  engines  for  direct-drive  engines  of  the 
kind  that  are  now  being  built  in  the  United  States.  After 
we  have  given  the  manufacturers  a  chance  to  perfect 
their  product  and  gain  additional  experience,  we  could 
look  forward  to  further  advancement  in  the  art.  To  at- 
tempt the  most  difficult  problem  at  present  seems  to  invite 
delay;  furthermore,  we  may  rest  assured  that  manufac- 
turers abroad  are  no  better  prepared  than  we  are  for 
such  attempts,  so  that  we  would  not  lose  by  following 
this  conservative  course,  as  they  are  mainly  trying  to 
bring  down  the  speed  of  direct-driven  engines  and  place 
as  many  working  cylinders  in  a  given  space  as  possible. 
The  electric  drive,  however,  has  advantages  for  smaller 
installations  such  as  yachts,  etc.,  so  that  the  benefit  of 
attempts  to  develop  this  kind  of  drive  can  be  seen  from 
the  start 

Cylinder  bores  as  applied  to  small  power  units  do  away 
with  the  greater  part  of  trouble  in  high-speed  engines, 
but  for  units  where  thousands  of  horsepower  are  re- 
quired to  drive  electric  motors  direct  on  the  propeller- 
shaft,  we  are  not  prepared  to  meet  all  conditions,  as  such 
high-speed  units  have  not  been  built  for  commercial  ves- 
sels of  large  size  and  a  great  number  of  small  units  seem 
to  have  questionable  value.  But  let  us  prepare,  cooperate 
and  finally  succeed  in  bringing  about  a  satisfactory  solu- 
tion of  this  important  problem,  which  is  closely  connected 
with  the  subject  of  the  world's  fuel  supply. 

Considerable  reduction  of  engine-room  space  will  fol- 
low the  efforts  of  engineers  to  design  the  highest  possible 
power  within  the  least  space.  It  can  therefore  be  ex- 
pected that  rules  governing  the  capacity  of  the  engine- 
room  space  may  need  revision  in  the  future.  At  present 
such  attempts  would  be  handicapped  by  prevailing  port 
rules,  as  a  ship  with  an  engine-room  space  above  13  per 
cent  of  the  gross  tonnage  has  the  advantage  over  a  vessel 
with  an  engine-room  space  of  80  per  cent  or  below,  in 
tonnage  allowance  for  engine  room,  to  such  an  extent 
that  the  extra  port  charges  for  a  vessel  with  a  small 
engine  room  may  more  than  offset  the  gain  due  to  the 
extra  earning  capacity. 

Finally,  I  have  a  word  for  the  practical  man,  the  oper- 
ating engineer.    In  the  early  days  of  marine  oil-engine 


Digitized 


by  Google 


MARINE  HEAVY-OIL  ENGINE  PRACTICE  1056 

construction,  the  prejudice  of  steam  engineers  had  to  be 
met.  They  were  particularly  opposed  to  the  efforts  made 
by  engine  builders  to  enclose  crankcases,  which  elimi- 
nated the  possibility  of  touching  bearings  and  crankpin 
boxes  with  their  hands,  because  they  considered  this  ab- 
solutely essential.  Provisions  that  were  made  on  recip- 
rocating steam  engines  to  sprinkle  water  on  the  main 
bearings  and  crankpin  boxes  were  necessitated  by  the 
gravity-feed  lubricating-oil  system,  but  by  admitting  an 
abundance  of  oil  under  pressure,  reliable  results  are  ob- 
tained. However,  to  become  accustomed  to  this  different 
practice  seems  to  create  a  hardship  for  the  older  operat- 
ing engineers.  The  younger  element  will  naturally  be 
found  to  be  without  prejudice.  The  idea  prevailing  from 
the  beginning  that  marine  oil  engine  manufacturers  had 
solved  all  problems,  and  the  attempt  to  adhere  to  recipro- 
cating steam-engine  practice  as  far  as  possible,  have  shown 
their  effects,  and  all  parties  have  had  ample  opportunity 
to  familiarize  themselves  with  actual  necessities  and  re- 
quirements. The  dangerous  art  of  copying  without  thor- 
ough knowledge  of  all  conditions  has  done  its  share  to- 
ward giving  a  bad  reputation  to  some  makes  of  engines. 

A  handicap  for  the  United  States,  in  attempting  to  hold 
her  own  on  the  seas  as  a  maritime  nation,  is  the  si)ecify- 
ing  of  the  amount  of  labor  to  operate  the  ships.  In  one 
instance  it  was  said  that  American  ships  could  not  sail 
unless  practically  twice  the  number  of  oilers  were  put  on, 
such  decision  apparently  being  based  on  steam-engine 
practice.  Such  rules  do  not  seem  to  be  justified,  as 
modern  Diesel  installations  are  as  a  rule  provided  with 
mechanical  lubricating  systems  and  therefore  require  less 
human  attendance. 

From  experience,  I  can  state  that  while  en  route,  with 
things  in  working  order,  no  hard  or  strenuous  work  is 
thrown  upon  the  operating  engineer  or  his  assistants. 
The  general  conditions  for  the  engine-room  crew  are  very 
favorable,  particularly  when  we  consider  the  comfort  in 
warm  weather  when  the  engine-room  temperatures  are 
very  moderate.  In  port,  while  inspecting  or  overhauling, 
skill  is  required;  for  that  reason  I  appeal  to  the  practical 
man  to  cast  his  lot  in  with  those  who  are  trying  to  make 
our  merchant  marine  permanent,  for  the  benefit  of  aU 
Americans,  as  it  can  be  expected  that  the  training  of 
men  to  operate  such  ships  as  have  been  described  cannot 
fail  eventually  to  be  taken  up  by  the  Government  or  by 
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firms  interested  in  the  manufacture  and  operation  of 
motor  vessels. 

The  Discussion 

W.  N.  Howell: — Concerning  double-acting  engines 
with  piston-rods,  I  had  about  two  years'  experience  with 
an  experimental  engine  having  8-in.  bore  and  12-in. 
stroke ;  we  had  no  trouble  with  the  piston-rod.  We  cooled 
the  rod  and  the  piston  by  circulating  oil  in  them.  We 
used  a  long  packing  of  white  metal  around  the  rod,  in 
strips  or  threads  which  were  packed  into  the  stuffing-box, 
mixed  with  graphite  and  set  up  by  a  gland  until  we  could 
get  nothing  mone,  then  the  gland  was  slacked  back  a 
little  and  it  formed  a  perfect  packing.  It  was  a  two-cycle 
double-acting  engine  with  crosshead.  We  finally  obtained 
about  65  hp.  from  it.  No  examples  of  piston-rod  engines 
have  been  mentioned.  What  has  been  the  experience 
with  them? 

H.  C.  Verhey  : — If  the  gland  can  be  kept  from  contact 
with  the  solid  matter  in  the  gases,  they  will  not  corrode 
it.  With  an  arrangement  whereby  the  solid  matter  is 
carried  out  through  the  ports,  this  might  be  accomplished. 
I  know  of  several  materials  that  will  stand  up  and  make 
good  packing  for  a  rod. 

Mr.  Howell: — The  exhaust  was  through  a  triple  row 
of  ports  in  the  middle  of  the  cylinder.  The  piston  un- 
covered them  at  the  top  and  bottom  of  its  stroke.  The 
scavenging  was  done  by  q  cone  on  the  top  and  bottom 
of  the  piston.  The  center  row  of  ports  was  for  the  air; 
above  and  below  it  were  the  exhaust  ports.  The  ports 
were  at  the  middle  of  the  stroke.  There  was  still  a 
chance  left  for  solid  matter  to  collect  around  the  rod. 

Mr.  Verhey: — In  the  long  run  carbon  enough  would 
deposit  to  give  trouble.  I  believe  we  ought  to  stay  away 
from  anything  like  a  gland  in  such  a  temperature,  if  we 
can,  even  if  it  is  cooled.  If  the  demand  for  double-acting 
engines  arises,  there  are  possibilities  of  obtaining  in- 
creased power  within  a  certain  space  without  the  use 
of  a  design  having  a  piston-rod  of  the  type  mentioned; 
for  instance,  the  opposed-piston  type  like  the  Junkers 
engine,  having  one  long  cylinder  and  exhaust  ports  at  the 
ends,  the  upper  piston  being  operated  by  very  long  con- 
necting-rods. It  is  one  way  of  getting  rid  of  stuffing-boxes. 
Some  of  these  schemes  appear  all  right  theoretically,  al- 
though they  have  not  been  extensively  tried  out  in  marine 
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service.  The  FuUagar  type,  partly  on  the  order  of  the 
Junkers  engine,  has  two  cylinders  side-by-side;  these  are 
long  cylinders  with  two  pistons  working  in  opposite  direc- 
tions, and  having  the  lower  and  the  upper  pistons  of  each 
of  the  working  cylinders,  which  are  located  side-by-side, 
connected  by  means  of  angular  tie-rods.  So,  there  are 
two  pistons  working  side  by  side  and  moving  in  the  same 
direction.  They  obtain  fairly  good  efficiency  on  the 
crankshaft,  in  this  way.  In  an  engine  of  this  kind  we 
are  obliged  to  build  four  cylinders  per  unit.  If  it  is 
desirable  to  use  a  design  of  this  kind  as  a  marine  en- 
gine, eight  cylinders  are  required  because  the  cranks  of 
the  single  unit  stand  at  180  deg.,  thus  having  an  ob- 
jectionable dead-center  for  starting  unless  an  attempt 
should  be  made  to  start  on  the  compressor.  I  under- 
stand that  Mr.  Setz  is  now  building  an  engine  with  an 
arrangement  to  start  on  the  compressor. 

H.  R.  Setz: — Yes;  not  in  the  one  now  building  here, 
but  in  some  of  the  eighteen  that  were  built  in  Italy. 
They  start  on  the  two  double-acting  cylinders  of  the  low- 
pressure  stage ;  that  is  to  say,  with  one  down  and  one  up. 

Mr.  Verhey  : — I  think  that  is  a  good  scheme  for  start- 
ing, carrying  a  moderate  pressure  of  200  to  400  lb.; 
some  carry  it  higher.  In  the  early  stages  we  thought  it 
necessary  to  have  60  atmospheres  for  starting.  This  air, 
rushing  through  a  comparatively  small  orifice,  cools  the 
cylinders  down  to  a  great  extent.  This  is  probably  one 
of  the  reasons  cylinder-heads  and  pistons  do  not  last  long 
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sor  having  three  stages,  delivered  air  into  the  starting- 
air  tanks  at  about  350  lb.  per  sq.  in.,  which  is  the  ap- 
proximate pressure  that  occurs  in  the  second  stage  of  a 
three-stage  compressor.  That  air  was  carried  to  a 
separate  high-pressure  compressor,  driven  by  the  engine. 
This  system  has  since  been  discarded.  There  has  also 
been  a  change  in  the  fuel  pumps.  In  the  early  days  dis- 
tributing boxes  were  used,  but  they  have  since  been  done 
away  with.  The  friction  in  the  lines  is  such  that  it  must 
be  taken  care  of  in  a  positive  way.  This  is  the  reason 
not  all  engineers  approve  the  scheme  that  the  Dutch  are 
using  in  order  to  eliminate  a  fuel  pump.  They  use  a 
floating  vessel  filled  with  fuel  oil,  with  injection  air  pres- 
sure on  top  of  this  oil,  and  with  an  arrangement  which 
supplies  just  so  much  oil,  which  is  carried  to  the  engine 
through  leads  from  the  floating  vessel  and  goes  to  every 
working  cylinder.  The  length  and  shape  of  these  lead 
lines  differ  according  to  the  location  of  that  apparatus; 
also  the  viscosity  of  the  oil  differs  at  different  times,  so 
that  the  actual  discharge  is  affected  and  does  not  remain 
constant.  Adjustments  must  be  made  at  times,  so  that 
the  human  element  is  introduced  again.  The  same  thing 
holds  true  of  a  gravity-feed  lubrication  system.  It  be- 
comes necessary  to  regulate  the  feeds  at  different  times 
of  the  day.  We  should  get  rid  of  that.  We  want  to  have 
something  more  positive. 

Solid  Injection 

E.  A.  Sperry: — ^What  knowledge  is  there  of  solid  in- 
jection systems  and  the  results  of  engines  equipped  with 
them?  We  have  seen  on  the  screen  many  details  of 
the  super-air-compressor,  which  is  really  tiie  curse  of 
the  Diesel  engine.  We  have  heard  much  about  the  Ger- 
mans' contributions  in  this  line,  but  nothing  about  any 
contributions  by  Anglo-Saxons.  The  most  crying  need 
is  the  elimination  of  the  super-compressor.  This  has 
been  accomplished  in  a  practical  way.  Hundreds  of  en- 
gines are  operating  in  this  manner,  touching  the  highest 
economy  in  both  consumption  of  air,  2.7  cu.  ft.  per  hp.  per 
min.,  and  fuel  consumption.  Yet  we  have  heard  nothing 
about  this  in  this  otherwise  exhaustive  review  of  the 
subject.  I  refer  to  the  English  contribution  by  the 
Vickers  company,  and  I  firmly  believe  we  are  to  hear  of 
still  greater  practical  improvements  when  the  Anglo- 
Saxon  finally  gets  under  way  on  this  problem. 
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Mr.  Vbrhey: — It  is  a  very  good  scheme  by  itself,  a 
scheme  which  eventually  will  affect  and  interest  all  manu- 
facturers, because  with  the  solid  injection  system  10  per 
cent  of  work  in  the  engine  can  be  saved:  A  good  fuel 
consumption  seems  to  be  obtainable.  Engines  appear  to 
perform  well  and  reach  good  economy,  but  it  seems  that 
the  combustion  is  not  perfect  at  all  times.  I  have  heard 
statements  to  the  effect  that  you  could  tell  a  Vickers 
company  Diesel  ship  by  its  smoke,  from  a  distance.  It 
is  said  that  with  everything  adjusted  for  fixed  conditions, 
at  full  load  and  with  a  certain  kind  of  fuel  oil,  preferably 
a  light  oil,  no  such  trouble  is  encountered;  but  when  a 
different  load  is  carried  the  working  principles  seem  to 
be  affected.  This  is  also  one  of  the  reasons  other  makes 
of  Diesel  engine  are  not  as  economical  during  changes 
of  load,  because  there  is  no  proper  means  of  regulating 
the  amount  of  air  and  fuel  at  different  loads  under  all 
circumstances.  Take  semi-Diesel  engines  or  engines  of 
the  Hvid  type,  the  latter  gasifying  the  fuel  in  a  little 
cup  before  it  enters  the  cylinders.  It  is  perfectly  satis- 
factory as  long  as  the  load  is  constant  and  the  same  kind 
of  fuel  is  used;  in  general,  when  all  conditions  are  just 
so.  With  a  continuous  variation  of  the  load,  combustion 
may  not  be  clean  at  all  times;  the  little  holes  are  car- 
bonized and  clog  up;  then  the  over-all  efficiency  is  gone. 
In  general,  injection  air  seems  to  have  some  eftect  on  the 
proper  combustion  and  surely  has  a  cleaning  effect  on  all 
passages  where  fuel  oil  and  air  go  together;  that  is, 
around  the  fuel  needle.  This  leads  to  prolonged  economy. 
There  is  no  question  in  my  mind,  however,  that  we  should 
all  look  forward  to  doing  away  with  the  air  compressor 
if  possible.  There  is  no  reason  why  we  should  waste  a 
good  10  per  cent  of  work;  in  addition  we  would  simplify 
the  engine  considerably  and  thus  reduce  the  cost  of  it. 

L.  C.  Marburg: — In  tests  of  a  two-cycle  engine 
equipped  with  a  Leissner  gasifier,  we  have  successfully 
used  Calol  oil  having  about  52  per  cent  asphalt.  The 
engine  was  of  20-hp.  capacity  and  operated  at  500  r.p.m. 

Mr.  Verhey  : — I  have  never  seen  any  detail.  It  seems 
that  there  would  be  no  reason  for  trouble  if  we  could 
arrange  the  system  so  that  fuel  would  be  admitted  at 
the  very  lowest  point  of  the  cylinder-head  disk,  making 
the  arrangement  such  that  no  internal  firing  could  take 
place  inside  of  the  fuel-valve  cage.  If  we  can  put  that 
into  practice,  it  would  undoubtedly  be  an  excellent  thing. 
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Mr.  Sperry: — ^We  find  that  there  are  about  eighty 
engines  which  run  that  way.  I  have  some  of  those  noz- 
zles on  my  desk  and  they  make  an  extremely  favorable 
impression.    As  you  say,  the  oil  efficiency  is  high. 

Arthur  West: — ^We  want  to  use  oils  in  this  country 
of  perhaps  15  Baum6  gravity,  which  have  an  excess  of 
50  per  cent  asphalt.  Is  it  the  opinion  that  the  chances 
are  good  for  solid  injection  using  that  kind  of  fuel  oil? 

Mr.  Sperry: — Our  information  is  that  they  can  use 
any  kind  of  oil  that  will  flow.  I  know  positively  that  they 
have  used  Texas  oil  and  California  oil.  They  rate  oils 
in  England  on  a  slightly  different  basis  than  we  do  here 
and  talk  a  great  deal  about  the  paraffines.  There  is  no 
stoppage  of  the  nozzles  due  to  the  fuel  unless  it  is  dirty. 

A  Member: — How  about  the  carbon  formation.? 

Mr.  Verhey: — Clean  burning  is  the  dominating  factor 
throughout.  If  we  could  find  the  means  of  doing  away 
with  troubles  of  that  kind  we  would  be  on  the  right 
track.  Furthermore,  I  do  not  know  much  about  the  de- 
tails of  the  Vickers  engine.  I  know  naturally  that  fuel 
oil  must  be  broken  up  before  it  enters  the  cylinder.  With 
the  needle-valve  used,  there  is  a  certain  distance  left 
between  the  lower  face  of  the  cylinder  and  the  point 
where  the  oil  is  released  as  a  broken-up  unit.  Traveling 
that  distance,  oil  may  collect  again,  and  it  may  come  out 
in  a  body.  If  we  can  get  a  solid-injection  system  where 
oil  is  injected  absolutely  at  the  lowest  point  of  a  cylinder, 
no  carbonization  could  take  place;  and  I  cannot  see  why 
we  could  not  bum  clean  at  all  loads,  because  there  is 
plenty  of  oxygen  waiting.  I  would  say  that  it  might  be 
a  matter  of  design. 

Mr.  Sperry: — The  matter  of  doing  away  with  the 
super-compressor  is  so  very  important  that  I  am  glad  to 
hear  you  say  that  it  is  a  desirable  thing  to  avoid.  We 
have  evidence,  which  we  believe  is  thoroughly  credible, 
that  a  complete  set  of  nozzles  in  a  large  pair  of  engines 
have  run  27,000  miles  without  being  changed.  That  does 
not  seem  to  indicate  that  they  are  easily  stopped  up,  or 
that  there  is  a  tendency  to  stop-up  from  causes  internal 
to  the  cylinder  itself.  There  is  no  carbonization  that 
reaches  back.  It  is  true  that  there  is  a  little  cavity  be- 
tween the  points  of  the  valve. 

A  Member: — I  wish  to  ask  Mr.  Sperry  regarding  the 
engine  with  the  solid  injection  whether  they  finally  got 
good  regulation?    That  is,  do  they  get  variable  speed. 
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with  control  from  full  down  to  low  speed,  without  trouble, 
running  long  periods  at  low  speed?  In  a  single  pump  in 
a  certain  kind  of  engine,  we  have  tried  a  certain  oil 
pumped  by  the  one  pump  and  handled  through  distribu- 
tors to  the  different  cylinders.  We  were  unable  to  use 
that  and  so  added  15  per  cent  kerosene.  In  another  make 
of  engine  of  practicaUy  the  same  dimensions,  in  which 
there  was  an  individual  pump  for  each  cylinder,  we  se-  . 
cured  better  results  with  that  oil  than  we  did  with  the 
lighter  oil. 

Mr.  Sperry  : — They  operate  about  as  all  Diesel  engines 
do;  down  to  about  one-third  of  the  speed,  perfectly,  as 
far  as  I  can  say.  The  secret  of  the  success  of  those  en- 
gines seems  to  be  that  there  is  a  flattened  tube  close 
up  to  each  one  of  the  injection  valves,  and  then  an  air- 
chamber  effect  at  the  pump.  That  combination  seems  to 
be  the  one  that  is  doing  the  work  that  I  describe. 

Mr.  Verhey: — I  would  like  to  know  what  happens 
when  the  engineer  cuts  down  the  fuel  to  bring  the  speed 
of  the  engine  down.  Is  he  regulating  the  pressure  on 
the  system?  Does  that  follow  at  all  times?  For  instance, 
without  air  injection,  is  any  means  provided  to  take  care 
of  that  regulation?    Is  a  relief  valve  of  some  kind  used? 

Mr.  Sperry: — Just  a  small  eccentric  on  the  air-injec- 
tion-lever fulcrum  which  makes  the  cam  roller  dip  down 
on  the  cam  more  or  less.  Regarding  the  oil  injection, 
the  oil-injection  valve  at  the  nozzle  is  governed  entirely 
as  to  the  duration  of  its  opening  by  rotating  this  eccen- 
tric. As  to  the  lift  of  the  fuel  needle,  that  system  is 
never  governed  through  the  pump  at  all;  it  is  governed 
by  the  above  mentioned  method,  and  the  lift  of  the  needle 
is  simultaneously  varied. 

Mr.  Verhey: — The  same  as  on  the  German  engine, 
where  much  is  done  by  hand.  There  is  a  change  for  the 
lead  with  a  consequent  change  for  the  needle  lift.  Most 
four-cycle  engines  have  not  such  provisions.  I  have  seen 
it  work  all  right  on  two-cycle  engines  and  I  think  it  is 
an  ideal  solution.  It  is  the  coming  way,  and  beneficial 
when  running  slow. 

Lubrication 

H.  Cooke: — It  has  been  said  that  some  prefer  gravity 
to  forced  lubrication.  I  think  there  is  a  place  for  both. 
In  regard  to  the  gravity  lubrication,  one  important  thing 
in  the  Diesel  engine  is  to  lubricate  the  cylinders  without 
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any  excess  of  lubricating  oil.  In  the  trunk-piston  type 
of  engine,  if  we  use  forced  lubrication  we  are  apt  to  get 
more  lubricating  oil  in  the  crankcase  than  is  desirable. 
Moreover,  it  is  better  to  use  gravity  lubrication  to  avoid 
excessive  cylinder  lubrication.  In  the  larger  sizes,  in 
which  the  pistons  are  cooled,  I  think  when  the  cooling 
system  is  entirely  separated  from  the  lubricating  oil  by 
a  diaphragm,  with  the  piston-rod  running  through  a 
stuffing-box  in  this  diaphragm  so  that  the  lubricating 
oil  has  no  chance  whatever  to  lodge  on  the  cylinder  walls, 
there  is  no  objection  to  forced  lubrication.  We  supply 
the  oil  through  the  bearings,  crankshaft  and  connecting- 
rods  in  a  way  very  similar  to  that  shown  on  Mr.  Verhe/s 
diagrams.  In  that  case,  the  diaphragm  also  prevents  any 
chance  of  the  salt  water  from  the  piston-cooling  system 
getting  down  into  the  lubricating  oil  and  causing  trouble. 
If  the  salt  water  gets  into  the  lubricating  oil  it  will  give 
trouble  all  through  the  oil  system. 

Mr.  Verhey: — I  believe  that  forced  feed  is  superior 
to  gravity  feed,  at  least  for  marine  Diesel  engines,  and 
shows  its  particular  advantages  with  the  partition  be- 
tween the  working  cylinder  and  the  crankcase.  In  en- 
gines of  the  trunk-piston  type  we  have  to  make  special 
preparations,  such  as  splash  guards  over  the  cranks,  in 
order  to  keep  the  flying  oil  from  reaching  the  lower  parts 
of  the  trunk  and  the  cylinder  wall  so  that,  in  the  case  of 
your  750  b.  hp.  engine,  the  forced-feed  system  would 
bring  you  more  complication  than  the  gravity  system  now 
adopted.  The  earlier  Diesel  engines  were  all  equipped 
with  gravity-feed  systems,  following  marine  steam-engine 
practice,  but  the  tendency  is  clearly  shown  to  abandon  it. 
I  had  occasion  lately  to  see  a  1200  b.  hp.  Carels  engine 
on  the  test  stand  in  Milwaukee.  It  is  equipped  with  grav- 
ity feed,  is  of  the  cross-head  type  and  clearly  demon- 
strated that  the  moving  parts  are  throwing  lubricating 
oil  in  all  directions.  This  is  shown  at  one  side  of  the 
engine,  which  is  not  entirely  enclosed,  and  appears  in  the 
form  of  a  vapor.  Such  vapors  naturally  spoil  the  atmos- 
phere in  the  engine-room,  creating  a  more  or  less  unde- 
sirable odor.  All  this  can  be  done  away  with  in  case  we 
adopt  an  entirely  enclosed  crankcase,  which  goes  hand- 
in-hand  with  the  forced-feed  lubricating  system. 

Mr.  Cooke: — In  regard  to  that  odor,  I  came  across 
a  Norwegian  engineer  and  the  first  thing  he  did  was  to 
smell  the  openings  in  the  crankcase.  He  said  that  ia 
the  way  to  tell  whether  the  engine  is  operating  welL 
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Mr.  Vbrhey: — ^When  foul  gases  pass  by  the  pistons 
and  mix  with  the  lubricating  oil,  carbon  is  formed  which 
settles  on  moving  parts,  particularly  on  the  walls  of  the 
crankcase,  forming  a  nasty  coating.  What  vapors  mean 
in  a  crankcase  is  clearly  shown  in  engines  that  have  oil- 
cooled  pistons,  where  the  return  oil  is  discharged  into  the 
crankcase.  This  forms  a  coating  of  small  ripples,  which 
apparently  build  up  in  course  of  time,  as  observed  on 
Danish  engines  with  oil-cooled  pistons.  It  is  far  better 
to  carry  the  return  piston-cooling  oil  outside  of  the  crank- 
case and  thence  to  the  sump-tank  independently  of  the 
lubricating  oil,  although  they  may  come  together  in  the 
same  sump-tank ;  but  the  piston  cooling  oil  is  preferably 
returned  through  a  strainer,  which  holds  carbon  back. 
Excessive  lubricating  oil  may  make  piston  rings  stick,  in 
which  case  the  gases  will  flow  by,  so  that  I  really  believe 
that  the  enclosed  crankcase  is  the  best  solution  of  the 
problem. 

Mr.  Cooke: — There  is  one  thing  that  brings  gases 
down  into  the  crankcase;  it  is  an  excess  of  the  lubricating 
oil  sticking-up  the  rings.  When  the  rings  are  stuck,  the 
gases  pass  by.  It  is  really  the  effect  of  excessive  lubri- 
cating oil.  Another  interesting  thing  is  that  in  the  case 
of  our  four-cycle  submarine  engines  which  have  forced 
lubrication,  we  take  a  great  deal  of  pains  to  keep  lubri- 
cating oil  off  of  the  cylinder  walls.  As  showing  the  effect 
of  excessive  lubrication  of  cylinder  walls  the  starboard 
engine  of  a  submarine  went  fine.  The  port  engine  went 
fine  for  about  five  hours  and  then  a  fuel-valve  needle 
stuck.  We  thought  that  the  needle  was  bent,  changed  it 
and  ran  five  hours  longer.  If  stuck  again,  and  they 
changed  the  needle  in  the  valve  again.  Then  they  pulled 
the  piston  up  and  found  it  was  all  gummed-up  with  oil. 
The  whole  trouble  was  that  the  lubricating-oil  outlet  in 
the  base  was  so  located  that  it  did  not  clear  itself  prop- 
erly. We  found  that  by  freeing  the  lubricating-oil  pipe 
the  trouble  with  the  fuel  valve  was  eliminated.  That 
gives  some  idea  of  the  extent  to  which  lubricating  oil 
will  go ;  it  went  up  into  the  fuel-oil  valve. 

Mr.  Verhey  : — On  the  first  engine  for  submarines  that 
we  designed,  considerable  trduble  was  encountered  in 
keeping  the  lubricating-oil  consumption  down.  It  was 
extremely  in  excess  of  what  we  expected,  and  we  had  to 
experiment  in  building  proper  splash  guards.  The  ex- 
haust showed  a  white  smoke  and  to  determine  whether 
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this  was  lubricating  oil,  to  satisfy  ourselves  thoroughly 
I  heated  a  piece  of  iron,  dropped  fuel  oil  on  it  and  noted 
that  the  smoke  coming  off  was  black;  whereas,  that  of  the 
lubricating  oil  showed  a  blueish  white.  A  man  asked 
me  a  question  about  the  little  pump  located  near  every 
cylinder  and  we  learned  that  oil  was  supplied  by  a  rotary 
pump  and  discharged  in  a  header  running  along  the  en- 
gine, small  leads  therefrom  going  to  each  working  cylin- 
der. The  engineers  must  have  been  under  instruction  to 
work  these  little  pumps  by  hand  at  certain  intervals  as 
determined  by  practice,  as  there  is  no  question  whatever 
that  lubricating  oil  must  be  discharged  against  the  work- 
ing piston  at  a  height  approximately  between  the  second 
and  fourth  ring.  The  working  pistons  had  a  wiper  ring, 
but  I  did  not  see  splash  guards.  How  this  is  worked  out 
I  do  not  know. 

Mr.  Cooke: — I  noticed  on  the  submarine  engine  we 
visited  that  it  seemed  they  were  lubricating  the  cylinders 
right  off  of  the  main  forced-feed  system.  They  may 
have  something  in  the  cylinder  walls  that  regulates  that 
oil  to  the  cylinders. 

Mr.  Verhey: — Mr.  West,  have  you  noted  the  fact  that 
oil  can  be  splashed  against  the  wall  and  not  creep  up 
and  gum  the  ring? 

Mr.  West: — Not  on  that  particular  engine,  but  before 
the  war,  in  one  of  the  German  yards,  I  saw  an  arrange- 
ment in  which  the  connecting-rod  went  up  into  the  piston, 
there  being  a  shield  over  the  bottom  of  the  piston.  But 
they  made  the  sheet  on  a  radius  concentric  with  the  cross- 
head  pin,  and  then  formed  on  the  connecting-rod  a  shield 
which  covered  it  nearly  all  the  time.  This  very  nearly 
covered  the  slot.  During  the  war  the  Germans  were 
very  short  of  lubricating  oil,  and  it  not  only  would  have 
been  very  disastrous  to  them  to  waste  oil  to  such  an  extent 
as  to  get  on  the  rings,  but  they  also  would  have  lost  the 
oil.  One  of  the  things  which  was  putting  them  out  at 
the  end  of  the  war  was  lubricating  oil.  I  think  we  can 
be  quite  sure  that  in  some  way  they  did  surmount  the 
difficulty  on  this  German  submarine-type  engine. 

Mr.  Cooke: — On  the  smaller  engines,  they  have  done 
away  entirely  with  direct  cylinder  lubrication  in  the 
Swedish  factory.  They  get  enough  lubrication  from  the 
splash,  the  oil  getting  up  to  the  cylinder  walls  from  the 
moving  parts. 

A  Member: — Mr.  Cooke  made  a  remark  about  lubri- 
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eating  oil  getting  up  in  the  fuel  valve.  How  is  it  pos- 
sible for  it  to  get  in  there  through  the  cylinder? 

Mr.  Cooke: — I  cannot  account  for  it. 

Mr.  Verhey: — Through  the  spray? 

Mr.  Cooke  : — Just  through  the  nozzle.  We  cannot  tell 
just  why  it  did  that,  except  that  we  did  know  that  while 
the  excess  lubricating  oil  was  there  the  fuel-valve  needle 
kept  sticking.  We  then  took  it  out  and  found  that  it  was 
all  gummed  up,  and  after  the  lubricating-oil  overflow  pipe 
was  freed,  so  that  there  was  no  excess  lubricating  oil, 
there  was  no  more  trouble  with  the  fuel-valve  needle. 

A  Member: — Could  it  not  get  through  the  nozzle? 

Mr.  Cooke: — I  do  not  see  how  it  could,  but  the  actual 
fact  is  that  the  needle  kept  sticking.  I  think  it  stuck  a 
dozen  times. 

A  Member: — I  was  there  and  studied  the  question. 
They  took  their  oil  from  the  small  branches  that  led  to 
the  cylinder.  They  have  a  valve  there  which  is  shut  off 
when  the  engineer  opens  the  valve  and  admits  oil. 

Mr.  Verhey: — It  is  simply  a  question  whether  or  not 
it  splashes.  Mr.  Jackson  can  tell  whether  an  engine  can 
run  on  lubricating  oil.  Did  you  not  have  trouble  with  the 
drain  in  one  of  your  Diesel  engines? 

L.  B.  Jackson: — ^We  had  a  75-hp.  unit  and  when  the 
drain  in  the  base  plugged  and  the  engine  throttle  was 
shut  off,  it  would  run  on  the  lubricating  oil  for  a  con- 
siderable length  of  time;  but  that  happened  only  when 
the  engine  was  overheated.  It  would  run  on  the  lubri- 
cating oil  until  the  temperature  dropped  considerably.  It 
must  be  a  typical  experience. 

Herman  Lemp: — In  our  Erie  yards  we  have  been 
operating  for  some  time  a  200-hp.  two-cycle  oil  engine, 
used  in  connection  with  electric  drive,  for  switching  cars. 
This  oil  engine  has  an  enclosed  crankcase  and  the  lower 
portion  of  the  pistons  are  provided  with  scraper  rings 
to  scrape  off  any  excess  of  lubricating  oil  thrown  against 
them  from  the  crankcase.  In  spite  of  all  precautions 
some  of  this  oil  will  go  by  the  scraper  rings  and  show 
itself  as  a  blue  haze  in  the  exhaust,  and  some  will  over- 
lubricate  the  regular  piston  rings  and  cause  them  to  gum 
up.  The  lubrication  of  these  rings  has  been  provided  for 
by  a  positive-feed  McCord  lubricator  and,  since  it  was 
found  that  with  a  closed-crankcase  type  of  engine  oil 
will  go  past  the  scraper  rings  in  more  or  less  quantity, 
it  was  thought  that  this  amount  of  oil  would  perhaps  be 
sufficient  for  properly  lubricating  the  piston  rings,  and 
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that  what  was  really  needed  is  a  means  for  thinning  out 
the  oil  in  the  piston  rings  to  prevent  them  from  gum- 
ming. Consequently  we  started  several  months  ago  the 
practice  of  replacing  the  lubricating  oil  in  the  McCord 
lubricator  by  pure  kerosene,  and  ever  since  this  practice 
was  inaugurated  the  rings  have  remained  open,  were 
found  to  be  sufficiently  lubricated,  and  the  blue  haze  in 
the  exhaust  has  completely  disappeared. 

Mr.  Setz  : — Concerning  over-lubrication,  I  wish  to  cite 
a  case  from  my  own  early  experience  where  this  became 
a  feature  of  advantage.  It  was  on  one  of  the  first  high- 
speed four-cycle  engines  built  in  Europe.  The  fuel  con- 
sumption guarantees  were  such  that  when  it  came  to 
the  final  test  we  could  not  quite  attain  them.  The  en- 
gine was  lubricated  by  circulation  of  oil  under  pressure 
at  the  different  bearings  and  connecting-rod  boxes;  in 
our  desperation  we  increased  the  oil  pressure  and  the 
fuel  consumption  at  once  decreased  so  that  we  easily 
met  the  guarantees.  Today,  an  account  would  certainly 
have  to  be  given  for  the  gray  exhaust  which  was  caused 
by  our  method  of  "improving"  the  fuel  consumption. 

Mr.  Sperry  : — This  strange  effect  which  occurs  in  Mr. 
Cooke's  spray  valve  might  be  very  easily  explained.  If 
the  lubricating  oil  gets  past  the  rings  up  into  the  com- 
bustion space,  it  is  there  in  the  form  of  fog  or  vapor. 
Just  at  the  moment  that  super-compressed  air  comes  in, 
there  is  a  refrigerating  effect,  the  fog  will  tend  to  con- 
dense at  that  point  and  the  oil  will  collect  at  the  coolest 
part,  which  is,  of  course,  the  nozzle.  I  think  possibly 
that  might  be  just  what  happens. 

Mr.  Verhey: — It  appears  so. 

Effect  of  Sulphur 

Mr.  Marburg: — ^We  found  in  connection  with  coke- 
oven  gas  that  the  damage  done  by  sulphur  was  particu- 
larly great  in  the  presence  of  an  unusual  amount  of  water. 
The  reason  for  this  is  quite  evident.  Is  there  any  way  of 
keeping  the  humidity  out  of  the  oil,  if  oil  containing  a 
large  amount  of  sulphur  is  to  be  used? 

Mr.  Verhey: — If  we  heat  it,  we  will  do  away  with 
some  of  the  water. 

A  Member: — ^You  have  to  heat  it  considerably  to  boil 
the  water  out  of  it. 

Mr.  Verhey: — No,  we  do  that  this  way.  We  pump 
the  oil  from  the  bottom  tanks  to  an  elevated  tank  be- 
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tween  the  shaft  tunnels,  where  it  has  a  preliminary 
chance  to  settle,  and  by  taking  the  oil  off  at  a  high  point 
we  have  a  good  opportunity  to  leave  most  of  the  water 
behind;  from  there  on  it  goes  to  the  daily  supply  tank 
where  it  stands  about  12  hr.  and,  in  case  we  are  using 
heavy  oil  which  must  be  heated,  we  are  in  a  still  better 
position  to  get  rid  of  water  in  the  oil. 

A  Member: — The  trouble  we  had  was  with  the  ex- 
haust valve,  almost  entirely ;  it  was  not  with  the  pistons 
or  other  parts.  The  two-cycle  engine  would  be  free  from 
that  objection  because  it  uses  port  scavenging  and  there 
is  no  exhaust  valve  as  such. 

Mr.  Verhey: — I  think  that  two-cycle  engines  are  far 
better  off  in  that  respect. 

Mr.  •  Cooke  : — In  some  investigations  made  in  Ger- 
many after  the  engine  ran  for  some  time  it  began  to 
labor.  Upon  investigation  it  was  found  that  it  had  ex- 
cessive back-pressure.  It  was  found  also  that  the  ex- 
haust pipe  was  filled  with  a  deposit  of  sulphate  of  iron. 
The  reason  was  that  the  exhaust  pipe  was  so  long  that 
at  the  end  it  cooled  below  the  dew  point,  so  that  the  steam 
in  the  exhaust  gases,  caused  by  the  hydrogen  in  the  fuel 
burning  to  H,0,  condensed.  That  picked  up  the  SO,  in 
the  exhaust  gases,  caused  by  the  sulphur  in  the  fuel  burn- 
ing to  SO,,  and  made  sulphurous  acid.  The  SO,  I  believe 
would  be  inert  if  it  was  anhydrous,  but  when  it  was 
picked  up  by  the  water  it  was  very  active;  it  attacked 
the  iron  pipe  and  filled  it  up  with  sulphate  of  iron.  I 
believe  that  is  an  unusual  case. 

A  Member: — Is  it  possible  to  use  6  per  cent  sulphur 
oil  in  the  Diesel  engine? 

Mr.  Verhey: — In  two-cycle  engines  it  might  not  be 
noticed  so  much  as  in  four-cycle  engines.  Whether  it  is 
very  desirable  in  the  long  run  is  another  question,  but 
not  many  oils  contain  as  much  sulphur  as  that.  On  a 
four-cycle  engine  trouble  might  be  experienced  earlier 
than  with  a  two-cycle.  As  a  matter  of  fact,  most  manu- 
facturers specify  a  limit  from  2%  to  3  per  cent.  In  gen- 
eral, any  oil  can  be  used  that  can  be  burned  under  a 
boiler,  where  excessive  sulphur  would  also  give  trouble; 
although  a  little  better  condition  prevails,  as  steam  may 
have  a  cleaning  effect  on  the  nozzle.  Some  manufactur- 
ers claim  not  to  be  at  all  worried  about  the  sulphur  con- 
tent in  the  fuel. 

A  Member: — Does  that  trouble  appear  as  a  lubricating 
trouble  or  in  the  pitting  of  the  valves? 
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Mr.  Verhey: — In  the  pitting  of  the  exhaust  valves;  it 
also  affects  the  cylinder  walls. 

A  Member: — In  building  gas  engines  to  operate  on 
gas  from  coke  ovens  and  also  on  gas  from  oil  stills,  we 
built  many  four-cycle  engines  for  the  Standard  Oil  Com- 
pany to  run  on  oil-still  gas.  The  sulphur,  does  not  as  a  rule 
pit  the  valves,  unless  the  engine  runs  a  considerable  por- 
tion of  the  time  at  rather  light  loads.  At  heavy  loads  it 
does  not  cause  pitting.  At  light  loads,  temperatures  get 
down  to  a  value  that  will  cause  pitting.  I  think  it  is 
reasonable  to  suppose  that  gas  engifies  using  this  oil- 
distilled  gas  is  roughly  a  parallel  case  to  Diesel  engines 
using  sulphur  fuels.    That  is  our  experience. 

Nozzles  and  Low-Gravity  Oils 

A  Member: — ^Will  an  open  and  a  closed  nozzle  each 
handle  low-gravity  oils  with  the  same  satisfaction? 
Take,  for  instance,  an  oil  of  14  deg.  Baum^  gravity. 

Mr.  Verhey: — The  advantage  is  at  all  times  with  the 
closed  nozzle,  where  we  have  control  to  force  the  oil 
through.  In  addition  to  that,  assuming  that  you  refer 
to  a  case  where  injection  air  is  used,  the  cleaning  effect 
of  injection  air  puts  weight  in  the  scale  too,  as  it  forces 
and  takes  the  last  particles  of  the  fuel  oil  off  surfaces 
where  they  might  otherwise  hang,  carbonize  and  give 
trouble  in  the  end. 

A  Member: — ^Just  how  low  in  specific  gravity  can  an 
oil  be  used  in  the  Diesel  engine? 

Mr.  Verhey: — ^As  low  as  12  deg.  and  we  can  use  any 
oil  which  will  flow  through  pipes.  If  too  low  a  degree 
Baum6,  we  must  heat  it  to  be  able  to  handle  it  Any  oil 
that  can  be  used  under  a  boiler;  such  oil  as  we  are  using 
in  our  oil-burning  ships  can  be  used  in  Diesel  engines  if 
we  choose  to  use  it. 

A  Member: — ^Are  you  putting  in  heating  coils? 

Mr.  Verhey: — We  will  have  to  lower  the  viscosity  of 
the  fuel  oil  either  electrically  or  by  means  of  steam,  so 
that  it  will  readily  flow  through  the  pipes.  This  is  an 
interesting  point,  as  on  several  occasions  I  found  that 
conclusions  are  drawn  based  on  what  practice  is  followed 
by  European  builders  of  four-cycle  engines  and  in  suc- 
cessful ships  that  visit  our  harbors  regularly.  They  want 
to  take  no  chances,  absolutely  following  the  way  of  least 
resistance.  Their  engineers  are  under  instructions  to 
buy  nothing  less  than  24  deg.  Baume  oil,  as  this  is  the 
kind  of  oil  suitable  for  their  particular  design  of  fuel 
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valve  and  all  adjustments  have  been  made  accordingly. 
It  has  occurred  that  heavier  oil  proved  to  be  troublesome 
for  these  particular  types  of  installation,  whereas  other 
types  having  a  differently  designed  fuel  valve  might  have 
been  able  to  use  this  oil  satisfactorily.  Mr.  Cooke  can 
tell  us  about  that,  as  several  of  his  four-<;ycle  engines  are 
successfully  running  on  Mexican  oil  of  very  low  gravity. 
Two-cycle  engines  are  in  a  better  position  to  use  heavier 
oil.  For  that  matter,  large^  two-cycle  engines  of  the 
Nordberg  type  now  running  in  New  Mexico  have  been 
successfully  using  12  deg.  Baum6  oil  for  a  long  time. 
Some  time  ago  I  found  that  some  of  my  professional 
friends  in  a  search  for  handicaps  for  Diesel  installations 
were  not  entirely  satisfied  with  my  statement  regarding 
the  possible  use  of  oils  heavier  than  those  used  in  the 
installations  mentioned,  and  were  apparently  of  the  opin- 
ion that  24  deg.  Baum§  oil  was  the  best  that  could  be 
done  in  Diesel  engines.  In  an  effort  to  go  down  to  rock- 
bottom  facts,  I  consulted  such  men  as  Mr.  West,  Mr. 
Cooke,  Max  Rotter,  Mr.  Jackson,  Mr.  Nordberg  and 
Mr.  McCarthy,  all  of  whom  sent  me  a  resum^  of  their 
experience  and  opinion,  really  showing,  that  there  is  no 
objection  whatever  to  the  use  of  heavy  oils  in  either  four 
or  two-cycle  Diesel  engines.  I  hope  to  embody  the  vari- 
ous remarks  of  these  engineers  in  a  later  article.  It  is 
not  the  quality  of  the  fuel  oil  that  should  worry  our 
competitors  advocating  steam-driven  power,  as  the  only 
important  questions  are  the  weight  and  price  of  Diesel 
installations,  because  their  economy  cannot  be  ques- 
tioned, even  if  we  should  be  compelled  to  use  more  ex- 
pensive oils.  European-made  installations,  now  closely 
watched  owing  to  their  success,  are  using  higher-priced 
oil  than  American  oil-burning  ships,  for  no  other  reason 
than  that  while  they  were  practically  holding  the  field 
alone  the  oil  they  most  desired  was  easily  obtainable, 
and,  owing  to  the  great  cruising  radius  of  their  ships, 
they  could  bunker  a  sufficient  quantity  so  as  not  to  be- 
come dependent  on  the  local  supply  available  at  different 
places  in  the  world.  I  feel  sure  that  eventually  all  manu- 
facturers will  attempt  to  adjust  their  designs  to  meet 
the  change  of  conditions. 

Two  AND  Four-Cycle  Engines 

A  Member: — The  two-cycle  Diesel  engine  has  some 
theoretical  advantages  over  the  four-cycle,  such  as  the 
working  stroke,  smaller  bore,  etc.    We  have  the  experi- 
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ence  of  the  Italians,  who  build  two-cycle  Diesel  engines 
of  the  same  horsepower  as  four-cycle.  They  find  that 
there  is  absolutely  no  gain  on  account  of  the  pumpB, 
scavenging  apparatus,  etc.  What  would  you  advise, 
to  use  only  the  four-cycle  engine  or  not? 

Mr.  Verhey  : — That  brings  the  issue  to  a  focus.  There 
is  practically  no  competition  between  motorships  today 
because  there  are  not  enough  of  them,  but  when  com- 
petition comes  the  ship  owner  will  look  first  of  all  to 
what  the  installation  will  cost  and  how  much  cargo,  he  can 
carry  in  the  ship  that  he  intends  to  equip  vnth  oil  en- 
gines. We  know  that  the  two-cycle  engine  can  be  built 
shorter  than  the  four-cycle,  for  the  same  horsepower. 
Therefore,  there  is  a  gain  in  weight  and  a  gain  in  cargo 
space;  also,  if  we  should  follow  a  line  of  development 
doing  away  with  direct-driven  pumps,  it  is  possible  to 
make  an  engine-room  arrangement  whereby  the  space 
can  be  utilized  far  better  than  before.  The  general  lay- 
out of  engine  rooms  being  practically  identical,  no  matter 
what  the  make  of  engine,  practically  the  same  general 
arrangement  is  seen  in  motorships  equipped  with  four- 
cycle engines,  that  have  a  reputation.  All  that  will 
change.  With  a  number  of  American  companies  inter- 
ested in  the  development  of  motorships,  improvements 
can  be  expected  which  will  abolish  all  trouble,  and  the 
two-cycle  engine  will  be  the  coming  marine  engine.  What 
we  want  is  the  lightest  engine  in  the  smallest  space.  The 
two-cycle  engine  can  be  built  in  simple  form,  without 
question.  I  have  designed  high-speed  two-cycle  engines 
varying  from  300  hp.  to  900  hp.,  all  sizes,  with  six  cylin- 
ders. A  600  b.  hp.  four-cycle  engine  having  a  piston 
speed  as  high  as  1100  ft.  per  min.  was  also  successfully 
built.  These  two-cycle  engines  based  on  the  principle  of 
double-port  scavenging  were  placed  in  some  of  our  sub- 
marines and  have  been  a  good  demonstration  that,  with 
proper  design  and  workmanship,  it  is  possible  to  produce 
maximum  power  in  a  limited  space.  We  had  to  satisfy 
the  Navy  Department  and  show  that  two-cycle  engines 
could  be  made  to  run  and  stand  up,  as  there  was  little 
confidence  prevailing  owing  to  the  failure  of  other  types. 
The  future  development  of  larger  types  of  two-cycle  en- 
gines will  see  the  top  scavenging  principle  come  to  the 
front  again.  In  any  engine  we  have  to  look  for  a  scaveng- 
ing process  whereby  the  exhaust  gases  are  not  penetrated 
but  expelled  in  such  a  way  that  there  is  a  minimum  dis- 
turbance of  the  column  of  exhaust  gas  to  be  driven  out 
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through  the  ports  at  the  lower  end  of  the  working  cylin- 
ders. Difficulties  encountered  in  the  early  days  with 
cylinder-heads  and  pistons  can  be  overcome,  so  that  the 
way  of  least  resistance  by  eliminating  valves  in  the  head 
need  not  be  followed  any  more.  I  predict  that  the  two- 
cycle  engine  will  be  the  coming  engine,  not  only  on  the 
strength  of  my  last  statement,  but  also  owing  to  the 
consideration  due  to  builders  of  opposed-piston-type  en- 
gines which  invariably  work  on  a  two-cycle  principle. 
When  competition  brings  us  to  the  point  where  space  re- 
quirements on  board  ship  are  the  main  factors,  it  is  evi- 
dent that  the  opposed-piston  types  offer  an  additional 
step  in  that,  direction,  where  two-cycle  engines  have  al- 
ready an  advantage  over  the  four-cycle  type.  However, 
it  should  be  borne  in  mind  that  the  opposed-piston-type 
engine  has  one  distinct  disadvantage  for  marine  work, 
because  of  its  height,  which  becomes  an  appreciable  fac- 
tor, and  overhead  weight  in  a  ship  is  very  undesirable. 
Such  engines  may  perform  well  on  the  test  stand,  but 
when  placed  in  a  ship  conditions  differ  greatly.  I  saw  a 
Lloyd's  survey  of  the  motorship  George  Washington 
showing  the  wear  of  cylinder  walls  at  one  side  of  the 
athwart  ship  center  line  of  the  cylinders.  It  remains  to 
be  seen  what  the  performance  will  be  of  these  tall  en- 
gines, of  which  no  data  based  on  extended  service  are 
available  at  present.  There  is  a  natural  tendency  for 
the  pistons  and  liners  to  wear  toward  the  inboard  side, 
but  the  motions  of  the  ship  affect  the  wear  also  in  other 
directions,  as  disclosed  by  the  Lloyd's  survey  mentioned. 

A  Member: — Do  the  tips  of  the  screws  turn  outward 
on  the  George  Washington? 

Mr.  Vbrhey: — ^Yes,  for  the  sake  of  propeller  efficiency. 
In  addition  to  what  I  said  about  the  wear  of  cylinder 
liners,  this  was  practically  the  same  for  all  of  them.  In 
connection  with  this  peculiar  wear  it  also  occurs  to  me 
that  the  consideration  given  to  introducing  opposed- 
piston-type  engines  for  direct  drive,  which  save  space, 
must  go  hand  in  hand  with  the  problem  of  installation  of 
auxiliary  power  for  cargo  handling.  The  tendency  to 
increase  the  speed  of  cargo  handling  requires  higher- 
powered  engines  which  for  existing  installation  practi- 
cally determine  the  length  of  the  engine-room  and,  when 
we  consider  that  it  is  desirable  to  refrain  from  making 
recesses  in  bulkheads  for  the  sake  of  a  clean  hull  con- 
struction, it  can  be  seen  that  much  study  becomes  neces- 
sary.    I  am  convinced  that  problems  of  that  kind  will 
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occupy  the  minds  of  many  engineers  interested  in  the 
production  of  motorships. 

Mr.  Lemp  : — I  am  in  favor  of  the  two-cycle  engine.  In 
1911  H.  G.  Chatain  and  I  were  instructed  by  the  General 
Electric  Co.  to  go  abroad  and  study  the  Diesel  engine 
situation;  we  canvassed  all  Europe.  The  instructions 
were  to  produce  as  light  an  engine  as  possible,  with  not 
necessarily  light  materials,  suitable  for  traction  purposes 
or  for  vessels  as  electric  generating  units  or  as  small 
stationary  sets.  We  selected  a  type  generally  known  as 
the  Junkers,  and  produced  a  150-kw.  engine  which  weighs 
90  to  100  lb.  per  horsepower  as  a  stationary  set  and  runs 
at  500  r.p.m.  Being  of  the  double-opposed-piston  con- 
struction, it  has  absolutely  no  valves  for  the  working 
cylinders,  the  pistons  themselves  uncovering  the  ports. 
We  gave  a  20  deg.  lead  to  the  cranks,  so  that  the  exhaust 
port  would  close  before  the  scavenging  port  starts  to 
close.  These  engines  have  been  running  for  a  number  of 
years  at  two  different  stations  in  the  Philippine  Islands 
and  in  Porto  Rico.  We  use  on  these  engines  hydrauli- 
cally-operated  steel  plungers  for  fuel  pumps,  without  any 
auction  valves  whatever.  They  are  known  as  variable- 
zone,  but  are  constant-stroke  pumps.  The  weak  part  in 
any  pump  is  the  suction  valve.  The  barrel  and  the  sleeve 
of  the  pump  are  of  glass-hard  steel.  The  pumps  ran  for 
three  years  and  none  has  been  replaced  as  yet,  to  our 
knowledge.  There  is  no  packing  to  watch;  governing  is 
very  nearly  perfect. 

Electric  Drive 

In  connection  with  Mr.  Chatain,  who  is  the  head  of  the 
gas-engineering  department  of  the  General  Electric  Co. 
in  Erie,  I  have  given  considerable  thought  to  the  question 
of  ship  propulsion.  We  have  substantially  come  to  the 
conclusion  that  instead  of  building  large,  bulky  engines 
which  involve  a  considerable  amount  of  weight,  directly 
connected  to  the  propellers,  we  shall  follow  the  practice 
of  the  marine  steam-turbine  development,  and  introduce 
electric  drive  between  the  propeller  and  the  prime  movers. 
We  have  laid  out  tentatively  the  power  equipment  for  a 
cargo  ship  requiring  3000  hp.  on  the  propeller.  We  find 
that  we  can  put  into  the  space  now  taken  by  the  steam 
turbines,  disregarding  the  boilers  absolutely,  five  of  the 
six-cylinder  units  of  the  Diesel-type  engines  referred  to 
and  two  two-cylinder  units  for  auxiliaries.  The  latter 
can  be  stowed  away  in  any  manner  desired  because  the 
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definite  position  with  respect  to  the  propeller-shaft.  We 
can  put  them  crosswise  or  in  whatever  position  seems 
best.  The  idea  of  having  something  like  thirty  cylinders, 
or  double  the  number  of  pistons,  for  transmitting  3000 
hp.  may  look  radical  at  first  sight,  but  when  we  consider 
the  matter  from  the  viewpoint  of  manufacturing  and 
replacements  those  who  have  built  automobile  or  Liberty 
engines  in  quantities  know  how  low  production  costs  can 
be  cut  down  when  a  large  number  of  parts  are  built. 
In  a  steam  turbine  a  large  number  of  small  elements 
transmit  the  motion  of  steam  to  the  shaft.  Suppose,  for 
instance,'  a  machine  with  a  large  number  of  small  pistons 
connected  to  one  crankshaft.  That  would  be  an  ab- 
surdity, but  we  can  accomplish  the  equivalent  by  using 
a  number  of  small,  compact  electric  direct-current  units, 
and  couple  them  in  multiple  electrically,  keeping  one  in 
reserve.  In  case  of  any  trouble  we  simply  cut  out  one 
set  and  still  have  the  others  to  go  on. 

Mr.  Verhey: — I  have  heard  and  thought  much  about 
the  electric  drive.  The  fact  remains  that  we  have  36 
cylinders  with  all  their  fittings.  The  merits  of  this 
solution  seem  questionable  at  present,  in  view  of  the 
fact  that  we  are  losing  efficiency  by  this  transformation 
process  very  much  on  the  order  of  the  burning  of  fuel 
under  a  boiler  and  losing  valuable  heat  units,  which  is 
the  reason  for  the  low  thermal  efficiency  of  steam  in- 
stallations.   The  handling  facilities  of  an  engine  of  3000 
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Mr.  Lemp: — ^We  have  chosen  a  speed  of  500  r.p.m. 
We  saw  an  engine  run  this  afternoon  at  450  r.p.m.  and 
I  think  that  speed  was  not  abnormal.  In  order  to  save 
weight  we  must  increase  speed.  I  believe  that  600  r.p.m. 
is  not  excessive  for  a  150  kw.  or  750  hp.  engine.  Quite 
irrespective  of  the  ease  of  reversing,  a  propeller-shaft 
driven  by  an  electric  motor  at  constant  speed  has  advan- 
tages which  no  reciprocating  drive  will  approach.  In  a 
rough  seaway,  when  the  propeller  comes  out  of  the  water, 
there  is  no  necessity  for  having  an  engineer  at  the  throt- 
tle or  an  automatic  regulator  to  take  care  of  this  accel- 
eration. It  will  be  taken  care  of  inherently  by  the  very 
fact  that  the  speed  is  constant,  irrespective  of  load.  This 
is  very  important.  Our  electric  drives  on  battleships 
have  shown  that  we  can  place  the  motor  right  in  the  aft 
part  of  the  vessel ;  and  instead  of  carrying  a  long  shaft, 
the  motor  can  be  coupled-up  short  to  the  propeller,  which 
in  itself  is  an  advantage.  Regarding  the  multiplicity  of 
parts  in  small  engines,  I  feel  that  this  is  not  such  a  great 
objection  as  it  may  seem  at  first  glance.  When  we  come 
to  analyze  it,  we  can  introduce  manufacturing  methods 
which  we  cannot  introduce  in  large  engines.  The  type 
of  engine  to  which  I  have  referred  has  no  cylinder  heads 
and  valves.  The  cylinder  is  simply  an  open  tube  with 
two  rows  of  ports,  and  has  two  pistons  moving  in  opposite 
directions.  The  scavenging  is  very  good;  the  engine  is 
simple  to  maintain. 

For  comparison,  we  had  the  same  workmen  and  shop 
organization  construct  a  100  kw.  four-cylinder  four-cycle 
Diesel  engine,  to  English  drawings,  and  a  150  kw.  two- 
cylinder  two-cycle,  opposed-piston-type  engine,  of  our 
own  design.  These  two  were  erected  side-by-side  on  the 
same  platform.  The  weights  of  the  two-cycle  engine 
were  considerably  less  than  those  of  the  four-cycle.  The 
noise  of  the  two-cycle  engine  at  500  r.p.m.  was  much  less 
than  that  of  the  four-cycle  at  450  r.p.m.,  and  the  operators 
greatly  preferred  the  two-cycle  engine.  An  engine  of 
this  type  can  run  at  high  speed  without  much  trouble 
because  there  is  not  such  a  mass  of  valves.  The  port 
openings  are  easily  cared  for. 

Mr.  Verhey: — I  must  admit  that  the  feature  of  an 
opposed-piston-type  engine,  which  does  away  with  cylin- 
der-heads and  valves,  is  well  worth  considering.  I  also 
know  that  in  this  case  the  number  of  revolutions  can 
be  increased  without  trouble,  due  to  better  balance;  but 
high-speed  engines  will  wear  more  and  endurance  may  be 
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were  so,  we  had  better  step  out  of  the  marine  business 
and  deliberately  leave  it  to  other  nations  to  train  men. 

A  Member: — How  does  Mr.  Lemp  figure  the  cost? 

Mr.  Lemp: — As  a  manufacturing  proposition,  with  a 
large  number  of  small  and  equal  parts  you  can  jig  up 
effectively  in  place  of  having  complicated  layouts.  Fur- 
thermore, the  chances  of  losses  by  blow-holes,  cracked 
cylinders  and  defective  castings  are  very  much  lessened 
when  there«is  a  large  production  of  one  size  only.  As 
far  as  the  electric  drive  is  concerned,  it  would  not  be 
difficult  to  get  a  mechanical  efficiency  of  90  per  cent  from 
engines  to  propeller.  From  the  maintenance  viewpoint, 
apparatus  of  that  size  is  much  more  easily  standardized 
and  made  interchangeable,  so  that  repairs  really  mean 
replacements  of  parts  by  spares  fitted  to  gages,  in  lieu 
of  hand  fitting  by  experienced  marine  engineers  of  the 
old  school.  From  the  operating  standpoint,  reliability  is 
assured  by  subdivision  into  a  number  of  units  independ- 
ently operative  and  easily  connected  to  one  common  bus, 
so,  while  at  first  glance  the  proposition  looks  absurd, 
when  we  come  to  look  into  it  we  find  that  it  has  advan- 
tages from  a  manufacturing  standpoint. 

Mr.  Cooke: — In  regard  to  marine  engines,  we  use 
slower  speeds  than  is  the  practice  of  other  manufacturers. 
That  has  been  our  practice  also  in  connection  with  sta- 
tionary engines.  We  have  made  a  very  careful  investiga- 
tion of  the  subject,  both  here  and  abroad.  In  Europe, 
they  tried  to  bring  out  the  high-speed  Diesel  engine  to 
take  care  of  the  stationary  engine  business,  to  match  up 
with  the  high-speed  European  generators,  but  they  found 
that  the  slower-speed  engines  were  the  best.  One  of  our 
guarantee  engineers  told  us  that  the  small  high-speed 
marine  auxiliary  engines  should  not  be  used.  He  advised 
getting,  if  necessary,  a  slow-speed  stationary  engine, 
even  if  it  were  heavier  and  cost  more,  because  engines  of 
that  t3i>e  do  not  require  as  much  attention  as  the  small 
high-speed  engines. 

Mr.  Lemp: — One  point  must  not  be  lost  sight  of;  the 
thermal  efficiency  of  the  Diesel  engine  when  it  reaches 
150  kw.  is  already  very  good.  In  fact,  it  is  from  28  to 
32  per  cent  on  a  brake  horsepower  basis  with  the  two- 
cycle  type.  Very  little  is  gained  by  using  large  sizes. 
The  efficiency  may  reach  34  per  cent,  but  as  a  general 
proposition  the  great  gain  is  in  the  small  unit.  There  is 
no  great  proportional  saving  in  the  large  unit  over  the 
smaller  one. 
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Mr.  Verhey: — The  statement  that  there  is  no  great 
saving  in  thermal  eflSciency  above  150  kw.  is  correct,  but 
it  will  be  granted  that  the  mechanical  efficiency  of  high- 
speed units  is  considerably  lower  than  in  low-speed  en- 
gines, which  is  also  a  factor  for  consideration,  and  affects 
the  fuel  consumption  which  will  count  during  years  of 
operation.  When  we  are  satisfied  that  engine  units  as 
they  are  built  today  are  unnecessarily  heavy  and  in  some 
cases  lack  proper  accessibility  and  handling  facilities, 
when  we  believe  that  the  last  word  in  engine  design 
toward  direct  drive  has  been  spoken,  there  might  be 
ground  for  argument,  but  with  the  interest  that  the  world 
takes  at  present  in  oil-engine  production,  with  so  many 
brains  working,  we  will  eventually  see  that  engine  units 
of  from  3000  to  5000  hp.,  such  as  are  in  demand  for  cargo 
ships,  will  give  us  no  more  trouble  than  our  present  steam 
installations,  perhaps  less.  In  fact,  a  single-cylinder  two- 
cycle  engine  of  2000  hp.  running  at  90  r.p.m.  was  pro- 
duced and  ran  on  the  test  stand  in  Europe.  I  personally 
witnessed  this  in  1914.  On  the  strength  of  this,  I  would 
not  be  surprised  to  see  that  with  proper  financial  backing 
units  of  12,000  hp.  could  be  built,  which,  for  instance, 
would  be  sufficient  to  propel  a  battleship  of  the  size  and 
speed  of  our  Oklahoma,  a  twin-screw  installation  with 
reciprocating  engines.  I  remain  of  the  opinion  that  the 
life  of  low-speed  engines  will  exceed  that  of  high-speed 
machinery,  but  as  long  as  there  are  so  many  angles'  of 
consideration  and  we  engineers  are  called  upon  to  solve 
problems  to  suit  various  requirements,  I  appeal  to  all 
engineers  in  an  effort  to  assist  the  United  States  to  meet 
the  competition  of  other  nations,  even  with  our  handicap 
of  higher  cost  of  production,  as  we  do  not  lack  manufac- 
turing facilities.  We  should  all  render  our  share  of  the 
work,  no  matter  what  the  nature  of  the  problem  may  be. 
I  also  invite  the  technical  office  forces  in  our  shipyards, 
and  others  now  engaged  in  different  lines  of  marine 
work,  to  pay  due  attention  to  changes  which  are  sure  to 
occur,  so  that  we  may  become  prepared  to  meet  all  prob- 
lems in  the  most  efficient  way.  This  can  also  be  referred 
to  automotive  engineers  who  have  already  made  such  a 
wonderful  showing  by  practically  standardizing  the  whole 
automobile  industry.  Their  experience  has  been  of  great 
benefit  to  those  who  have  specialized  in  the  heavier  in- 
stallations of  greater  power.  Technical  men  who  have 
made  a  life  study  of  certain  lines  should  not  close  their 
eyes  and  feel  satisfied  that  the  things  we  have  now  will 
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last;  we  cannot  afford  to  take  such  a  position  in  these 
times  of  rapid  changes.  In  this  way  we  shall  carry 
America  to  the  front  in  this  comparatively  new  line  of 
marine  propulsion.  Encouragement  should  also  be  ex- 
tended by  our  Government  to  all  concerned  to  reach  a 
satisfactory  solution  of  the  world's  fuel  problem  for  the 
benefit  of  our  nation  in  general  and  the  permanent  exist- 
ence of  our  merchant  marine. 

A  Member: — ^All  marine  work  must  be  simple.  It  does 
very  little  good  to  save  fuel  and  lose  the  ship.  I  know  a 
man  who  argued  that  the  Corliss  was  the  most  economical 
steam  engine.  It  was  put  on  a  9-in.  compression  cylinder^ 
a  complete  Corliss  gear,  but  they  never  built  another.  A 
marine  outfit  is  complicated  enough  without  adding  any 
further  complications;  it  must  be  simple.  The  reason 
that  the  marine  engine  has  been  so  successful  is  that  it 
is  simple.  The  engines  which  passed  through  English 
hands  were  simplified  before  they  went  to  sea.  Engineers 
have  enough  difficulty  without  introducing  complications. 

Mb.  Taylor: — One  thing  developed  in  a  Diesel  drive 
coupled  to  a  gear.  The  coupling  is  a  magnetic  coupling. 
I  believe  they  are  working  very  hard  on  it  and  expect  fine 
results.  Personally  I  do  not  see  why  that  should  not  be 
an  excellent  thing.  We  have  had  in  the  United  States 
much  trouble  with  gear  drive.  A  gear  might  be  made 
to  run  successfully.  We  have  in  the  United  States  today 
vessels  that  have  run  50,000  or  60,000  miles  without  the 
least  trouble  with  their  gears.  It  appears  to  me  that  the 
Diesel  engine  running  through  a  magnetic  coupling  would 
give  a  simpler  drive  than  the  complicated  electric  drive. 

Training  Engineers 

The  question  of  obtaining  engineers  is  a  matter  of 
training  them.  The  American  personnel  is  very  quick 
to  learn.  In  my  experience  in  investigating  gear 
turbine  troubles  in  the  service  about  80  per  cent  have 
been  due  to  inefffcient  operation,  15  per  cent  to  poor  work- 
manship and  5  per  cent  to  poor  design.  We  have  done 
things  today  which  in  my  opinion  are  wrong.  We  send 
men  to  sea  with  insuflScient  training.  We  do  not  let  them 
see  the  engines  erected  in  the  shops,  but  put  them  on  our 
vessels  very  often  a  week  before  they  sail.  They  do  not 
even  see  the  dock  trials.  I  think  that  the  simpler  the 
drive  the  better,  but  if  we  take  the  personnel  we  can 
obtain  in  this  country,  put  them  in  the  shop  where  any 
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a  chance  to  know  the  engines  we  expect  to  run,  we  would 
undoubtedly  get  better  results.  The  Danish  Company's 
men  spend  months  in  their  own  shops  and  they  send  one 
of  their  own  specialists  aboard  ship.  That  is  why  the 
company  has  had  such  phenomenal  success  with  its  ves- 
sels. There  is  no  reason  this  country  should  not  have 
the  same  success. 

Mr.  Verhey: — I  think  that  the  training  of  engineers 
should  be  given  utmost  consideration.  We  really  cannot 
afford  to  let  things  continue  in  this  respect  as  they  have 
been  in  many  instances  during  the  war  emergency. 

Mr.  Jackson: — We  are  going  to  have  all  the  auxil- 
iaries, cargo  pumps,  engine  auxiliaries  and  electric  drive. 
In  the  case  of  the  chief  engineer  in  this  particular  ship 
we  sent  him  to  the  shop  where  the  engines  were  built 
and  he  went  through  with  the  engines.  He  was  also  there 
during  the  building  of  engines  of  another  size,  and  he 
has  been  chief  engineer  on  the  boat  with  the  other  en- 
gines. We  have  had  absolutely  no  trouble  with  those 
engines,  showing  that  the  man  has  been  given  proper 
education  as  to  the  manufacture  and  installing  of  them. 
We  were,  however,  much  troubled  with  the  operation. 
This  particular  man  we  considered  an  exceptionally  good 
Diesel  engineer.  He  never  knew  anything  about  an  elec- 
tric motor  or  generator.  We  tried  to  teach  him  some- 
thing about  them  and  could  not. 

With  regard  to  the  space  requirement,  that  is  not  al- 
ways the  whole  thing.  It  is  possible  to  get  a  ship  which 
will  have  more  space  in  it  than  we  can  fill  with  cargo. 
In  such  cases  the  space  does  not  count.  It  is  the  saving 
in  dead  weight  or  machinery  weight.  In  the  case  of  the 
ordinary  tanker  if  we  can  save  fifty  feet  that  will  not 
help  as  much  as  100  tons'  saving  in  weight. 

Mr.  Davids: — Referring  to  the  connecting-rod,  at  the 
New  York  Navy  Yard  the  wrist-pins  in  Diesel  engines 
continually  burned  out  for  lack  of  oil.  The  oil  failed  to 
pass  up  the  connecting-rod;  a  ball  check  was  therefore 
placed  in  the  large  or  crank  end  of  the  connecting-rod, 
which  held  a  column  of  oil.    This  prevented  the  burning 
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case  shown  it  is  only  a  matter  of  keeping  up  sufficient 
pre'ssure,  which  depends  on  the  fit  of  the  bearings.  If 
the  clearance  is  too  great  or  if  there  is  a  poor  fit  in  one 
of  the  bearings,  the  oil  will  merely  spread  and  lose  its 
pressure.  When  we  keep  a  restricted  clearance,  the  pres- 
sure builds  up  in  the  grooves  in  the  bearing  boxes  and 
there  is  no  doubt  that  the  oil  will  land  where  we  want  it; 
this  is  done  successfully  in  most  merchant-marine  Diesel 
engines.  However,  the  suggestion  is  good,  and  in  cases 
where  we  have  not  a  sufficient  supply  of  oil  at  hand  it 
will  help,  because  the  oil  will  be  accelerated  and  go  up. 
A  Member: — Were  there  three  auxiliary  engines  such 
as  are  shown  in  Fig.  8? 

Mr.  Verhey: — ^Yes.  On  the  12,500-ton  ship  now  under 
construction  for  the  Emergency  Fleet  Corporation,  we 
have  engines  of  2250  instead  of  1500  i.  hp.,  such  as  those 
on  the  George  Washington,  on  which  I  made  a  long  trip. 
We  also  maintained  three  sets,  which,  however,  depends 
on  the  number  of  winches  we  choose  to  use  and  the  speed 
at  which  we  want  to  handle  cargo.  As  a  matter  of  fact 
that  is  where  the  point  comes  in;  Europeans  are  not  up 
to  the  point  yet  where  they  consider  it  essential,  as 
Americans  do,  to  take  their  cargo  out  in  a  very  short 
time.  It  does  not  amount  to  so  much  in  dollars  and  cents 
to  them  as  it  means  to  us  when  a  ship  lies  for  a  number 
of  days  in  port  longer  than  necessary.  As  a  matter  of 
fact,  we  have  now  adopted  European-built  winches  as 
suggested,  on  account  of  the  fact  that  we  had  no  choice 
in  selecting  an  American-built  winch  of  suitable  propor- 
tion. 

A  Member: — How  will  that  12,500-ton  ship  be  heated? 

Mr.  Verhey: — It  will  have  a  donkey  boiler  of  about 
100  sq.  ft.  heating  surface  and  at  about  100  lb.  pressure. 
It  will  therefore  have  a  steam-heat  system,  which  means 
that  we  must  install  pipes  and  radiators  and  that  we 
take  chances  in  the  winter  that  they  will  freeze.  We 
will  have  to  run  our  leads  on  the  deck  because  we  seem  to 
lack  confidence  in  the  electrical  equipment  which,  how- 
ever, in  my  opinion  should  be  as  safe  as  possible,  al- 
though probably  more  expensive.  At  least  one  company 
has  already  installed  such  an  electric  equipment. 

Electric  Heating 

Mr.  Jackson: — ^We  installed  electric  heating  in  two 
small  harbor  tank  ships  of  70,000-ga].  capacity  and  found 
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it  satisfactory.  In  a  large  motorship  now  under  con- 
struction, we  are  installing  electric  heaters  in  the  quar- 
ters in  the  bridge-house  and  in  the  forecastle.  In  the 
after-quarters  we  are  using  hot-water  heating.  That 
the  entire  vessel  is  not  electrically  heated  is  due  to  lack 
of  generator  capacity  for  maximum  load  when  all  heaters 
and  all  cargo  pumps  are  working. 

Mr.  Verhey  : — That  introduces  the  subject  of  electrical 
capacity.  With  several  auxiliary  sets  standing  idle  we 
can  apply  current  to  the  system  electrically  and  eliminate 
all  piping.  It  is  the  coming  method.  We  wish  to  get  rid 
of  oil.  We  raise,  however,  one  point  that  might  be  of 
slight  advantage  at  present.  In  certain  instances  we 
desire  to  heat  the  fuel  oil  in  cold  weather.  To  do  this 
we  carry  a  steam-heating  coil  into  the  elevated  tank,  but 
to  use  it  steam  must  be  generated  in  the  donkey  boiler, 
which  is  a  lengthy  process.  At  the  same  time  we  would 
need  to  modify  our  practice  regarding  the  auxiliary  com- 
pressor for  high-pressure  air  which  is  carried  as  one  of 
Lloyd's  underwriting  requirements.  This  has  reference 
to  the  1000-lb.  air  compressor  which  is  used  for  starting 
auxiliary  engines  in  case  all  other  compressed  air  is  lost. 
This  is  made  steam-driven  on  the  majority  of  European 
ships.  In  that  case  we  would  have  to  install  a  small  oil 
engine. 

Mr,  Howell: — ^Would  the  inefficiency  of  electric  heat- 
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scavenging  compressor,  but  on  account  of  maneuvering 
,we  had  to  use  two  30-in.  low-pressure  compressors  for 
scavenging,  so  that  those  compressors  at  a  high  speed 
put  such  a  load  on  the  engine  that  we  had  much  trouble 
in  getting  the  fuel  consumption  per  brake  horsepower 
that  was  required. 

Mr.  Verhey: — If  we  could  take  that  pump  away  and 
have  it  independently  driven,  making  it  meet  varying 
conditions,  we  would  do  the  right  thing.  As  long  as  we 
drive  direct  we  must  consider  being  prepared  for  the 
worst  condition  which  we  may  have  to  meet,  but  subma- 
rine engine  designs,  to  which  you  probably  refer,  do  not 
leave  many  choices,  owing  to  the  limited  space  in  the 
boat.  I  know  that  the  pumps  are  of  liberal  proportion, 
but  we  did  not  find  trouble  in  meeting  the  fuel  guarantee, 
as  the  proportions  of  the  working  cylinders  were  ample. 

Skandia-Werkspoor  Construction 

Mr.  West: — In  connection  with  the  Skandia-Werks- 
poor engine  for  the  U.  S.  Shipping  Board,  the  exhaust 
pipe  is  immediately  over  the  axis  of  the  cylinders.  Must 
a  section  of  the  exhaust  pipe  be  taken  off  to  take  off  the 
cylinder? 

Mr.  Verhey: — To  take  the  cylinder  head  off,  we  are 
compelled  to  take  off  the  liner  also.  It  is  inserted  in  a 
box.  So,  to  remove  a  cylinder,  one  of  the  sections  must 
be  taken  away.  This  is  one  point  which  is  adopted  right 
along  and  considered  by  the  Dutch  as  the  only  thing  to 
do.  They  use  an  exhaust  header  all  the  time  on  top  of 
the  cylinder.  It  does  not  seem  exactly  right  for  the 
reason  that  it  involves  additional  weight  at  the  top  of  the 
engine.  In  some  engines  we  get  such  a  critical  point  of 
cross  vibration  that  we  do  not  know  where  it  comes  from. 
When  the  exhaust  header  is  taken  away,  we  do  not  invite 
that  chance.  I  think  that  the  Danes  see  that,  because 
they  support  the  exhaust  from  the  deck,  which  is  good 
practice  in  my  opinion.  In  designing  these  engines  the 
Dutch  practice  was  so  typical  that  there  has  not  been  one 
company  that  did  not  fall  into  the  same  old  troubles. 

A  Member: — On  the  Skandia-Werkspoor  engine,  can 
the  piston  be  taken  out  from  below? 

Mr.  Verhey: — ^Yes,  that  is  a  good  feature  which  I 
believe  no  other  engine  has.  An  extension  or  skirt  on 
the  cylinder  is  under  the  box.     The  rings  can  be  seen 
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and  checked,  and  the  carbon  can  be  cleaned  off  when  de- 
sired. When  the  cylinder-head  can  be  lifted  the  whole 
thing  can  be  taken  out;  in  this  case  the  connecting-rod 
and  the  piston-rod  can  be  left  in  place.  The  upper  flange 
of  the  piston-rod  is  disconnected  and  the  piston  is  shoved 
out.  A  special  arrangement  is  made  for  this,  attached 
to  the  columns. 

A  Member: — Must  the  piston  be  disconnected  and 
pulled  through?  Are  telescope  tubes  provided? 

Mr.  Verhey: — ^Yes.  I  believe  that  is  done  by  discon- 
necting several  bolts  on  the  flange  which  is  located  on 
a  partition.  The  crankshaft  can  be  taken  out  by  re- 
moving part  of  the  columns.  Most  engines  do  not  have 
such  facilities. 

A  Member: — Referring  to  the  bed-plate  for  the  825-hp. 
Skandia-Werkspoor  engine,  how  is  the  lower  base  for 
the  bearing  shaft  hejd? 

Mr.  Verhey: — That  is  known  as  a  Dutch  dowling.  It 
is  a  difficult  piece  of  work;  a  special  jig  has  to  be  made. 
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